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FOREWORD

This Final Report was prepared in accordance with DI-S-3601A and is submitted in compliance
with the following contractual requirements;: CDRL Sequence Number A002, Controct
F41608-76-D-A005, Order 0017; CDRL Sequence Number 002, Contract F41608-77-D-A021,
Order 0043; and CDRL Sequence Number 002, Controct F41608-77-D-A021, Order 0045,
The report covers alt work done under the basic contract and the additional supplementary

contracts during the period July 1974 through December 1978,

The Program was administered by the U. S. Air Force San Antonio Air Logistics Center,

Kelly Air Force Base, Texas, under the direction of Mr. B. W. Boisvert, Chief, Air Force
Progrom Section, MMETP. The Lockheed-Georgia Company, Marietta, Georgia, was the
prime controctor for the Program with Mr, William H. Lewis as the Lockheed Progrom
Manoger. Mr, William H. Sproat was the Principal Engineer throughout the Program and

waos assisted by Mr. James M. Hamiiton and Mr. Joseph L. Arnoid in the computerization

of data, Mr. Corl E. Bronn in statistical cnalyses, and Mr. William M. Pless in procedure
preparation and editorial review. Mr. Bruce D. Dodd was responsible for the data acquisition
portion of the Program, transpoiting the test samples and associated hardware to each of the
Air Force installations and coordinating the technician inspections.’ Lockheed hes assigned

this report the number LG79ERC011 for internal control purposes.

The Contractor wishes to express appreciation for the hospitality and support received at each”
Air Force field and depet installation that participoted in the proarom and for the complete
cooperation, without which the success of the program would not hove been possible . The
support and guidance from the Air Force Materials Loboratory, in particular Mr. Ken Shimmin

ond Mr. Fred Mullins, is acknowledged and sincerely appreciated.
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ABSTRACT 1
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“The results of o four-year Air Force Logistics Command program to determine the reliability
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of Air Force nondestructive inspection capability are presented. The report completely
T=
describes the progrom - its objectives, scope, plonning and logistics, participants, data "
. . . . . 1
collection, analysis, conclusions and recommendations. Actual aircroft structural samples &
i S

containing fatigue domage were transported to 21 different Air Force bases and depots, where 1
approximately 300 Air Force technicians performed ultrasonic, eddy current, penetrant and :4
radiographic nondestructive inspections (ND1} on the samples. The same detailed NDI pro- E
cedures weie followed by oll participating technicians. The individual results were recorded !:
and accumuiated in terms of "finds", “misses" and "false calls" compared to o preliminary E‘
knowledge of octual flow locations. A detailed teardown inspection of the semples at the ;
end of the program verified and refined actual flaw tabulations. Results were computerized L
for data storage and retrieval ond analyzed for each NDI method and structura sample type %3
to provide detection probability versus flaw size (POD) curves. Other analyses provide POD %
curves for years training, experience, age, etc. The program results indicate that Air Force 1
NDI needs improvement in several specific arcas in order to meet existing requirements for {
inspection of Air Force hardwore. Some conclusions were derived conceming factors that f
opparently affect Air Force inspection reliability. Recommendations for making both short- )L
term and long-term improvements in NDI proficiency are presented. T
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SUMMARY OF CONCLUSIONS

The conclusions presented in this report are based on the data obtained during the conduct
of this program which used current NDI technology and equipment available at participating
Air Force installaticns. There wos no ottempt to prevent marginally performing technicians
nor equipment with minimal capabilities from participating in the program. Both the tech-
nicians and equipment were assigned by Air Force on-site management on an ovailability
basis irrespective of expected performance. Therefore, the resulting dota reflect g possible
wide range of technician ond equipment capabilities.

The overall reliability of NDI performed by the Air Force and evaluated in this program,
falls below that which has been previously assumed by established guidelines such os
MIL-A-83444, "Airplane Domage Tolerance Requirements." The mean piobabilities of
detecting fatigue cracks in built-up aircraft structure, using typical maintenance inspection
techniques and procedures, ore at least 25 percent less than the previously assumed volues.

Of foremost importance is the realization that the current 90-95 percent reliability criterio
(90 percent probability of detection at a 95 percent level of confidence) cannot be attained
for any flaw size with typical inspection techniques applied by the average technicion.
With one exception, the NDI techniques employed in the program demonsirated considerable
difficulty achieving a 50 percent probability of detection with 95 percent confidence for
1/2-inch crack sizes. However, the limited use of more advanced, semioutomated eddy
current and ultrasonic equipment (incorporated late in the program) indicoted that the 90-95
percent reliability criteria moy be achievoble at crack sizes somewhat smaller than the

1/2-inch measured by this program.

The average capability among both field and depot NDI shops was found to be uniform
(therefore predictable), with the excepticn of ane installation. This aspect of uniformity

is a strong point which con be used to odvantage if chonyges are incorporated Air Force-wide
into the ND1 system. Such changes therefore should affect the NDI system uniformly. In
addition, future representotive measurements of Air Force NDI capability can be achieved

by using a smaller sample of installations.

A distinctly higher level of flow detection success was achieved ot one exceplional in-
stallation, o depot, especially with the eddy current boit-hole method. This demonstrated
that considerably better performance levels than those generally exhibited are possible.
The superior performance at this one instollation is attributed solely to individual profi-
ciency. The aftributes which produced the superior performance and which can serve os a
mode! in efforts to upgrade overa!l ND| performonce are believed to be the following:

1. NDI operations were conducted within an organization which is exclusively
dedicated to nondestructive inspection.

A staff of skilled personne! was acquired by a selective process.

3. A form of certification-recertification was performed at periodic intervals.
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The major variation in inspection results was found among the individual technicions them-
selves. There are vast differences in the performance levels of individuals, os evidenced
by comparisons of curves plotted for the upper ten percent of technicions with the mean
curves for all technicions. ' The factors which might be expected to have a strong direct
beaiing on individual NDI performance, such as formal education, technician age,
classification, skill level, ND! experience and NDI training, were evaluated and found
to have only minimal influence on performance levels. The primory source of variance
among individual technicians is believed to be the areaof human factors, whichshould be
further investigated.

R L

With the exception of the one depot noted, there were no significant differences between
individual installations, nor betwsen individual Commands, nor between field and depot
installotions. Likewise, there was no significant difference observed between technicians
using different manufocturer's equipment .

These genera! conclusions and other specific conclusions are further discussed in detail in
Section X of this report.
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SECTION |. BACKGROUND

Nondestryctive inspection (NDI) has, over the past ten years, evolved into a vital part of

the maragement of aircraft tleet maintenance within the Air Force. Nondestructive methods
of interrogating parts and assemblies for damoge incurred through normal use, environmental
exposure and cyclic fatigue are upplied to both detect and assess that damage. Predictions

of the extent of damage which can be expected with given aircraft missions are now being
made on a quantitctive basis and NDI is charged with the responsibility of tinding existing
flaws. Both major scheduled fleet maintenance at the depots and routine maintenance opera-
tions ot the field level employ specific procedures to seek out flows before they cause major
failures. Additionally, special inspections are performed in response to unanticipated domage
which may oppear on circraft in-service.

FLAW DETECTION CRITERIA

The impact of NDI is felt in operations dealing with both aging aircraft and new sy-tems.
The drive to extend the service life of aging aircroft beyond the originally planned use period
places the burden of proving structural integrity upon NDI. Newer systems are emerging with
critical, highly stressed components which are more sensitive to flaws and therefore are re-
. quiring periodic NDI to ensure structural integrity throughout their life. I[n hoth cases, old
. and new aircraft, trocture mechanics rechnology is being applied to quontitatively define
| damage tolerance limits for given flaw sizes and to establish flaw growth rates under specific
service conditions. The capabilities of NDI to detect flaws clso must be quantified to allow
fracture techrnlogy to become practical. As a first step, nondestructive methods applied in
production environments have been quantitatively evaluated by several contractors in recent
airfrome procurement programs, but the need still has remained for evaluation of current in-
service ND| maintenance capabilities.

Domage tolerance and structural integrity are treated as the overall guiding concepts in
MIL-5TD-1530, "Aircroft Structural Integrity Program.” Requirements center around airframe
desiyn, design analysis and development tests, full-scale testing, force management data,
ond the force management itself. The possible existence of inherent flaws and the probability
of their detection is implicit to all five of these requirements. Design and development func-
tions which interrelate with NDI| are treated in MIL-A-83444, "Airplane Damage Tolerance
Design Requirements." This specification asserts that flaws are inherent to any material ond
that designs must account for them . The capabilities of NDI to detect flaws of specific di-
mensions are assumed possible within the production environment and any analyses which must
assume inherent flaw dimensions smaller than the specified values in MIL-A-83444 must incur
a demonstration of capabilities to detect those smaoller flaws. The B-1 and A-10 programs are
examples of demonstations performed to satisfy the requirements of MIL-A-83444,

In-service flaw detectability assumptions for airframes have also been set forth in MIL-A-83444;
however, there have been no measurements made of octual capabilities nor are any demon-
strations of in-service detection copabilities required. A baseiine is needed to establish
experimentally derived values for in-service flaw detection probabilities, much as dermonstrations

é:
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in the production environment have established a baseline for that condition. This program
has filled thet need by acquiring and anolyzing Air Force field and depot NDI reliability
data whist cstablish flaw detection probabilities for o number of operating ond environmental
parometers. The results are applicable for filling out the spectrum of NDI interrelationships
called for in MIL-STD-1530; the force manogement data pockoge and the force management
itself.  Application of the results center around the quantification of flow detectability limits,

inspection management within the maintenance environment, ond identification of oreas for
improvement,

NDI RELIABILITY OBJECTIVES

The overriding objective of the program is to determine the existing copability of NDI to detect
flaws under field and depot conditions. These capabilities cre graphically displayed os
detection probabilities relative 1o flow size for specific inspection conditions. This information
when coupled with appropriate fracture mechanics data such as crack growth rates, allows for
quantitative determinations of maintenance inspection intervals. Additionally, the unique,
quantified NDI rteliability daota from this progrom allow for analyses which point out areas for
impiovement in operations through efficient selection of NDI methods, ond the optimization

of human factors in managing NDI personnel. Significant cost savings con be reclized by
applying quantitatively estoblished NDI data in the maointenance cycle to prevent failures and
unnecessary down-time of aircraft. Additionally, NDI functions which are presently specified
but have a very low probability of accomplishing their objectives, as viewed in the light of

this eifort, can be eliminated or chonged.

The process of acquiring NDI reliability dato has been primarily centered around the perform-
ance of flaw search tasks on a number of samples with fatigue cracks. A sufficient number of
samples and/or flaw detection attempts are made to establish a statistically adequate volume
of data for each selected set of conditions. The philosophy of most test plans is either to
select o target flaw size and proceed to determine whether that size can be reliably detected,
or to measure detection probabilities for a spectrum of flaw sizes without a commitment to a
detection probability at a given flaw size. The B-1 and A-10 demonstration progroms we:re
designed to provide evidence that a given flaw size could be detected with a high degree of
certainty. A 90% probability of detection ot o 95% level of confidence has been established
as the criterion for that high degree of certainty. The 90/95 values arose from "B" values
established for basic materials property characterizations with test data inherently containing
scatter. The generation of NDI reliability data with o spectrum of fatigue crack lengths, on
the other hiand, has been accomplished for research and technology purposes as NDI inputs to
design, fabrication, and maintenance planning tasks.

PRIOR RELIABILITY EFFORTS

; > |

Historically, NDI reliability work in the oerospace industry and the Air Force began with o
recognized need, for such data to interplay with evolving fracture mechanics analyses in the
late 1960's, The first detailed investigation was conducted by Packman, et.al., (Reference 1)
for the Air Force Materials Laboratory. The objective was to measure flaw detectobility for
aircraft production parts. A number of programs sponsored by both the Air Force and NA%A
have been performed since thot time, with o diversity cf specimen configurations and flaw types

employed in the flaw detection tasks. A comprehensive repository of information

1-2



acquired from many of these progroms was developed and processed for NASA by Yee, et.ol.,
(Reference ?) in 1976, Recent data contributions for the Air Force have been developed

by Lord (Reference 3) and Southworth, et.al . (Reference 4), ond for NASA by Rummel, et.al.,

(Reference 5). A program to examine the diverse results trom a number of studies which
provided nondestructive flaw detection reliability data and to devise o model to translate or
interrelate those data was conducted for the Air Force by Chang, et.al., in 1976, (Reference

6).

Initial work on assessing NDI reliability on built-up structure, as contrasted to production
part configurations, was conducted as internal research at the Lockheed-Georgia Compony
beginning in 1971; Project No. 71R2320. Following the failure of an engine pylon on a
C-5A, an internal study was also conducted to determine in-service flaw detection probabili-
ties for a pylon truss-to-shroud assembly with fatigue cracks originating ot fastener sites in
the truss itself. The results of this study are presented in a report by Sproat (Reference 7),
which showed that fatigue crack detection probabilities in assembicd structure would be
generally lower than for comparable flaws in parts or specimens. Full-scale assessment of
NDI! capabilitics from an in-service maintenance standpoint was performed for internal
Lockheed research tasks on C-130 center wing boxes which were removed from service,
fatigue cycled to induce damage, and tested for residual strength. Results of this work u:=
presented in a Lockheed report by Sproat and Dodd (Reference 8). Two general conclusions
were found at that time:

1. Fatigue crack detection probability on structure, by single applications
of ultrasonics and eddy-current NDI techniques, is significantly lower
than that normally assumed for most fail-safe and monolithic slow crock
growth airframe designs.

2. Redundant inspections using multiple applications of one technique or a
mixture of techniques can be employed to yield the detection levels
required for most slow crack growth and fail-safe designs if the inspection
conditions were similar to those experienced in this independent research
program. The intluences of other factors on detection reliability were not
evaluated.

The experimental approach ‘o provide cata for answering the numerous questions regarding
the nondestructive mainteriance inspection processes were formulated ofter careful analysis
of the results of the above two efforts.



SECTION I, PROGRAM PLANNING

= The Air Force Logistics Command's Material Management organization is charged with the
responsibility to oversee ND! operations from a technical standpoint, in both depot and
field locations. Increasing demands for the use of NDI in on-going maintenance functions,
coupled with the drive to employ ND! os a functional tool within the scope of MIL-A-83444
philosophy, brought about the need to quantify in-service capabilities. With the recognized
need and technical responsibility, the AFLC proceeded to establish o three-phase effort to
measure ND| capahilities on-site within the field ond depot facilities. A statement of work
wos defined in May 1974 which established technical objectives for; 1) detailed planning,
2) implementatior of data acquisition, and 3) flaw size coufimation/data analysis phases of
a comprehensive progrem. The Planning phase commenced in June 1974 with the rudiments
of o detailed experimental approach cutlined in the "Phase | Mid-Term Report", August
1974 (Reference 9).

This mid-term report during the Planning phase was intended to allow for a critical review
of: (1) the types of specimens (structure) and NDI techniques under consideration, (2) the
program constraints and technical limitations, ond (3) the design of ¢ detailed test plan to
ollow the statistical formulation of technically valid conclusions.

FLAWED STRUCTURE

The structural samples or specimens recommended ot that time were identified as Type A,
C~130 center wing box section with surface fatigue cracks radiating from fastener sites;

Type B, C-1.3U center wing box plank seginents with surface fatigue cracks like Type A;

oand Type C, titanium straps with through-the-thickness edge fatigue cracks. Types A and B
were derived from structure which hed undergone in-service fatigue damage, extended fatigue
damauge in a test jig and failed under a static load applied to detemine residua! strength.
Documented test history and flaw data on these items are presented in Reference 10. These
items olso were the structure somples used in the independent research work described in
Reference 8. Type C structure samples were those used in the C-5A pylon oft truss NDI
evaluation effort described in Reference 7. The porameters used in generating fatigue cracks
in these samples are doccumented in Reference 11, Photos of these structure samples are pre-
sented in Figures 3-4 through 3-9, and complete descriptions are provided in Section Ili of

: this report.

ORIGINAL CONSTRAINTS

Progrom constraints, as viewed ot that time were primarily keyed to the availability of suit-

: able structure with an adequate number of flaws of varying sizes. To establish curves of flow
i detection probabilities with enough data for statistically sound evidence, the flaw population
3 and the number of NDI attempts should be sufficiently large. The Phase | Mid~Term report
proposed the following data acquisition approach:

2-1
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An anticipated elapsed time of 5 to 8 hours per individual per ND! tech-
nique on A and C specimen types. Two inspectors could simultaneously
interrogate specimen Types A and C while others perform on specimen
Type B. The following table (Figure 2-1) denotes the assignment of six
inspectors for a 12-day period of work on specimens following an orlen~
tation period of | day.

The total elapsed time per location (with six inspectors) required for set-
up, data acquisition, and tear-down was anticipated to be 15 working

days.

The technical Bmitations were primarily involved with the magnitude of
the data sample. The specimen Type A contained 17 fatigue cracks in
the 0.1" long size category, 5 cracks in the 0.2" long size category,
etc. If six individuals took part in the effort ot each location, the crack
sample in the 0.1" long category for specimen Type A would be 6 x 17 =
102, for example. A somple size of 30 would be sufficient to attach
statistical significance. The available cracks in the 0.1" long category
for the Type A specimen wos therefore quite adequate. The avallable
cracks in the 0.3" through 0.6" category were, however, insufficient to
ostablish statistical significance to data in those slze categories for indivi-
dual locations. Pooling data from several locations would allow for
statistical significance in treating results among groups (locations).

The available fatigue crack population for specimen Type B was adequate
to attach additional significance within groups for each flaw size category
through 0.6" at each location or base. Specimen Type C allowed for
flexibility in the population for sites ranging from 0,05" to 0.30". Statis-
tical significance for results on flaw size ranges within groups would be

o possible for the Type C specimens.

o
.

The controlled and uncontrolled variables, as technical limits, were addi-
tional program constraints. The controlled variables were:

a. the NDI methods (eddy current, radlography, ultrasonics, and
penetrant)

b. use or omission of detailed procedures and calibration standards
c. specimen configuration

(1) position (overhead, vertical, etc.)
(2) occess
(3) flaw size population

(4) flaw density (ratio of flawed to unflawed area)

2-2

S
i



T T g e

50g © 0 uanbag Aialdy -7 asnbi 4

junsjauay

il
o

Aoa-x = X

uauny 4pp3 = 3

aun) App3 3|0y 4108 = HE
160844 = N

fi

shop 7 = (uoidadsujssiy g = 4 4y g =) - {d ‘M) swswi2adg 1] =D
skop ¢ = uodadsuy,sko@ Z - (X ‘3)se331d xog Buip jows = g
sdop 7 = uodadsuy/Aog | ~ (3 ‘M) vondag xog Buipy abio = v
mu DU u,q D< Xm Xm mm mm W
u< 34 mU DU Xm Xm um um 1
n_u n° ¥ D< xQ x.m wm wm A
mm mm m4 D< mU DU ! Xu Xm r
!
! mm wm Xm Xm au DU w< D< i
Xm Xm wm wm ¥ D«. A*U DU H
St vt €Lz 1t fet 6 8 £ 9 S ¥ £ Zz "ON 4042305y
AoQ
3 4 M L W E| 1 M 1 W i 1 M L W

Wi o




(5) specimen complexity (shape and number of elements)
(6) specimen randomness (cues for probable defect location)
(7) flaw ‘character

The uncontrolled variables included:

a. environment

o

human physiological response

. attitude (psychological)

(4}

d. inspection pace (with upper limit)
e. disruptive factors

f. personnel and equipment

Some of the variables were quontitative while others such as the inspector's attitude were
not, thus introducing unknowns into the results. Approaches used to minimize the uncertainty

of the test results are described in the final detailed Test Plan (Reference 10).

ORIGINAL TEST PLAN

The original program, as envisioned in August 1974, was designed to answer the following
questions:

1. What is the relative effectiveness of conventional NDI methods applied to
structure, i.e., flaw detection probabilities relative to radiographic,
ultrasonic, eddy current, and penetrant inspections?

'2. What is the Air Force field and depot capability in NDI? More specifically,
what are the probabilities of flaw detection in structure by Air Force per-
sonnel and equipment?

What differences exist in NDI capabilities from base to base, if any?

w
.

4. How effective are 7 Level Air Force NDI personnel in devising NDI
" procedures? - ‘ ' -

5. What is the range of individual copabilities omong all groups (all bases) and
within each group (base)? In other words, what Is the scatter factor at-
tributed to individual differences and to differences between bases?

The answers to these questions were to be provided by statistical analysis of the data using
flaw detection results as a measure of performance. The nucleus of the data presentations
were planned to be graphic plots of detection probabilities relative to flaw length; with
confidence limits determined by assuming a Gaussian scatter of points. Tests for significonce
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of variables were to be performed by a covariance technique which occommodates missing
daota in a matrix of variabie combinations. Details on the development of the graphic plots

and the onalysis of covariance are provided in Section IX and in the Test Plan (Reference 10),

STECRING COMMITTEE GUIDANCE

On 12-13 November 1974, a Steering Committee, consisting of some of the most knowledge-

able experts in this area of technology from both government and industry, was assembled by
the Air Force to critically review the original Test Plan which was developed for the Phase |
Mid-Term report., The following basic recommendations were made by that Committee:

1. Increase the total number of flaws and types of structure.
2. Provide a more comprehensive scope of data acquisition through the Air Force.

3. Prepore o briefing to introduce the program content ond scope to the Air Force
Logistics Command Monagement and Engineering personnel .

4, Prepare o detailed Test Plon with updated content on structure somples ond base
visits for Steering Committee review by March 1975,

5. Delete the option for on-site NDI procedures development.

6. Develop on oiicatation briefing to familiarize participonts with the purpose,
scope and mechanics of the program.

The first item above impacted the total effort by increasing the totol number of structure
samples, No additional C-130 wing boxes with sufficient quantities of fatigue «racks were
readily availoble, Additional samples were acquired from the Air Force through the efforts
of Capt, W. Lundy at Oklohoma City ALC and A, Rogel ot Sacromento ALC. A segment
of a KC-135 canter wing lower plank with suspected fatigue craocks ot fastener sites and
nine (9) pioces of F-104 forged wing fittings with suspected fatigue crocks ot fastener sites
were obtained, Automutic eddy current bolt~hole ND1 strip chart records accompanied the
F-104 wing fittings. The seorch for suitable pieces of the C-5A fatigue article X998 wing
assembly was not fruitful .* Another C-5A test urticle, however, wos located and found
acceptable: a C-5A configured wing spar web-to-cap box beam test article, A detoiled
report for fatigue damage identification is contained in Reference 11. The KC-135 somple
obtained was identified as Type D, the F-104 fittings os Type E, and the C~5A box beam
specimen as Type F .

*1t became clearly evident, in attempts to expand the structure somple size for the progrom,
that representutive fatigue damaged structure with a suitable population of flows ranging
over a spectrum of lengths is very difficult to obtain. Therefore, the bulk of the structure
samples used were those which were recommended in the Phase | Mid~Term Report on this

program .

.




The <cope of data acquisition, Item 2, wos expanded from an original plan to visit one bose

in each majo: command; Military Airlift Commond, Tactical Air Command, Strategic Air
Command and Air Training Commond, to four bases each. A full spectrum of copabilities

at the ficld level, plus visits to the five depots, was expected to provide a more represento-
tive measure of Air Force copabilities in NDI. The remaining oction items were completed

as scheduled, with the final Detailed Test Plon submitted for review by the Steering Committee
in March 1975. The final approved version of this document was published in July 1975

(Reference 10,




SECTION Iil. PROGRAM TECHNICAL APPROACH

™
1l

The primary approach to the program as approved in the final Test Plan (Reference 10) is
as follows:

a. Select representative structu.e with known defects which can be routinely ]
inspected by existing NDI Air Force depot and field instatlations. The 2
numbers and sizes of defects shall be adequate for statistical analyses of re- B
sults,

b. Subject the structure to routine NDI at a tull spectrum of Air Force depot and
field installations with a representative sample of NDI technicians and inspec- i
tion conditions. 1

c. Examine the results of the ND1 in terms of flaw detection probabilities as a
function of flaw size on a statistical basis. The major evaluation porameters i
shall be (1) technicion skill level, (2) depot versus base capabilities, (3) NDI
method used, and (4) type of structure. Analyses shall be peformed to deter-
mine the influence of these porameters on flow detection probabilities,

The Detailed Test Plan was designed to provide the details to be used in ocquiring an’ :
alyzing the NDI data. It was the end result of the progrom planning which included !
following tasks: t

a. Design, fabricate, ond/or purchase hardware and support equipment to trans-
port and maintain field operations required for on-site evaluations of NDI at
selected Air Force installations.

b. Establish a complete program of participant orientation, procedures for perform-
ing the NDI, and clear instructions for reporting defect finds.

(]

Devise a scheme for transferring raw data on NDI test results, NDI! personnel
profiles, base NDI equipment evaluation, environmental factors surrounding
tests at the Air Force bases, individual equipment settings used by each tech-
nician on each NDI performed, and daily log entries at each base.,

g e e oy

d. Develop o method of dota analysis to statistically evaluate ND1 effectiveness
in terms of detection prooabilities as o function of flaw size at 50%, 90%, 95%,
and 99% confidence levels. The major porameters to be addressed in this
evaluation are: (1) field versus depot locations, (2) training and proficiency
of NDI personnel, (3) the NDI methods employed, and (4) the type of structure
used in the test, |

e. Devise procedures to set up structure samples into typical configurations en-
countered for NDI ot the depot and field installations as well as structure
sample cleaning and processing for re-use.
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f.  Develop means of reporting the findings to facilitate Air Force planning
of (1) inspection scheduling, (2) use of equipment, (3) training and place-
ment of NDI personnel, ond (4) damage-tolerant design and risk analysis.

The approach took full advantage of using actual aircraft structure” with fatigue cracks as
samples for NDI. These structure samples were presented to the NDI technicians in settings
which very closely represented those encountered in routine field and depot operations.
Some samples were placed in an overhead position to simulate NDI on a wing lower surface .
Other configurations included face-up positions ond vertical-plane positions, typical of o

full range of structure.

The NDI technicians, ofter an orientation briefing, were assigned specific NDI tasks on
these somples as called out in the procedures designed for each task. Results of this NDI
were recorded and sent to Lockheed, along with accompanying parametric data. A cumula-
tive analysis of data, by regression and covariance, were performed as the data became

available. Both raw data and onalyzed results were provided to the AFLC as soon as avail-
able.

GENERAL OVERVIEW

-

Tradeoffs among cost, availability of suitable structure, and selection of the number of test
sites and porticipants were examined. Ideally, each factor which contributes to the results
should be controlled independently on a strictly quantitative basis. It was also desirable to
acquire a large number, 80 to 100 points, of data under each controlled set of conditions.
The study of tradeoffs showed that practical considerations provided approximations to the
best case. Therefore, the following plan was devised:

a. Six different types of representative aircraft structure to be inspected at each
installation. A description of each and the associated NDI to be performed
is compiled in Figure 3-1. Figure 3-2 lists the originally estimated length of
flaws in each structure. The oggregate length distribution is provided in Figure

3-3.

b. An average of 15 participants at each Air Logistics Center and é participants ot
each ficld level base within the Commands to be visited were desired depending
on availability.

c. Four major test variables will be controlled or directly observed: (1) field or
depot location, (2) NDI method, (3) proficiency of inspectors, ond (4) type of
structure with accomponying flaw sizes. The following ancillary factors will be
recorded: (5) NDI equipment condition, (6) environment, and (7) position of
structure (overhead and below for eddy-current surface scans).

*The size and number of flaws cataloged for data acquisition was originally based on NDI
and close visual inspection on assembled structure. The actual features and total content
of flaws in the structure samples are provided in the teordown data; Section VII.
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Figure 3-2, Flaws in Structure Somples Identified by Number (continued)
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The combination of all flaw detection opportunities ot oll boses was expected to yield

approximately 46, 000 individual measurements. The implementation of these measurements
is addressed in subsequent sections of this report.

STKUCTURE SAMPLES

The six types of representative structure compiled in Figure 3-1 are shown in Figures 3-4
through 3-9. They are os follows:

Sample Type Description

C-130 center wing box, intact 5-foct segment

C-130 center wing hox lcwer-surface segments
Simulated titanium wing risers mounted inside Sample A
Two sections of KC-135 center wing lower plonk

F-104 wing fitting seaments

C-% wing spor cop/web test assembly (box beom)

MmO >

Type A Structure

The intact segment of a C~130 wing box contains known tatigue crocks in the lower surface.
Typically, chordwise cracks are located at fastener sites, cutouts and drain holes. The wing
box had received service induced fatigue damage, was removed from service, and < cli-
cally loaded in o tesi jig to further induce damage prior to residual strength testing. The
lower surtuce was stripped of paint for visual crack detection anc measurement during tests.
After conciusion of the residual strength test, the structure was employed os o test specimen
at Lockheed for inteinal nondestructive inspecticn relicbility programs. A suiface finish was
reapplied in the form of an epoxy primer ond a single coat of poulyurethane paint. The Type

A structure was mounted on a dolly with the lower surface facing uoward for NDI accessi-
bility in this effairt,

T/pe B Sh'u_chn'e

Twelve segments ¢f a C-130 center wing lower surface comprise the Type B items. The history
of these items is identical to the Type A structure and they hove bean flame cut for removal
from the parent structure. Conductivity readings were taken on suspected heat damaged areas
to Jefinc ihe extent of any domage. The edges were subsequently trimmed from the segments
as reuired to allow only undomoeged material to remain. [atigue and residual strength load
histories on Types A ond B structure ure available in Lockheed-Georgia Report ER 1178,
“C-130, Results of Center Wing Residual Strength and Crack Propcgotion Test Programs."

Type C Structure

These were edge-fatigue~-crocked elements which simulated a portion of the C-5A pylon aft
trusses, Both oluminum and titunivm elements were produced in 1972 to assess C-5A pylon
inspection relickility. Fatigue loads on these items are recorded in Lockheed Laboratory
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Figuie 3-4

Figure -5,

« Sample T ypo

A - C-130 Center Wing Box,

Intact 5-font Segment

Sample Type p - C

=130 Ceontey Wing Box Lower=Surface Segments
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Figure 3-6. Sample Type C - Simulated Titaniom Wing Risers g
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‘ Figure 3-7. Sample Type D - Two Sections of KC-13%5 Center Wing Lower Plank '
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Figure 3-9.



Date Records A364880-A364882, It was planned to use aluminum elements in this program,

but difficulties with obtaining consistent penetrant indicotions eliminated further consideration

of their use. The inconsistent penetrant indications were attributed to a build up of oxidation
in the tight fatigue cracks to the point of excluding the penetront in some cases. This effect
wos not cbserved with the titanium elements in over fifty (50) penetrant inspection trials prior

to including them in this program.
These elements were nested into an open end of the Type A structure for inspection to simu-
late internal skin risers. Removal and reinstallations for repsated penetrant washout between

penetrant NDI opplications were possible with this arrangement .,

lype D Structure

This item was two sections of KC-135 center wing lower surface with fatigue cracks at
fastener sites, The finish had been stripped and surfaces coustic etched when received at
Lockheed. |t was subsequently coated with a corrosion inhibiting primer.

Type E Structure

These items were bare segments of F-104 wing fittings with service-induced fatigue crocks
ot fastener holes. The segments were attached to cover plates to provide o loyered stack-up

typical of multi-element joints,

Type F Structure

This structure was composed of o box beamn test specimen designed to represent the C-5A
wing mid-beom lower spar cap-to-web assembly joints and mid-beam web-to-stiffener
ottochments. The box beam had been fotigue tested to evaluate three fastener systems by
loading for 147,000 cyclic test hours, Fatigue cracks were generoted at some fastener
sites.  This structure was mounted on a dolly for hondling. The fatigue history of the box
oeum is described in Lockheed Report LG74ER0022,

PROCEDURES

Complete NDI procedures were formulated in the -36 Tech Ordar format per MIL-M-38780A
for each NDI method os applied to each structure type. The procedures included the
necessary operating parameters and equipment calibration details., A validation run on each
procedure was conducted at Lockheed to ensure compatibility with the program objectives
and realistic NDI operating practices at the field and depot. The entire procedures for this
effort are provided in the Test Plan (Reference 10).

NDI EQUIPMENT

Plans were to use the existing pase MDI equipment at each installation. This was to provide

an indication of equipment condition and its affect on total NDI reliability wherever possible.
Checks on the condition and status of equipment were handled as part of the estential data to

be ~ompiled at Lockheed. Colibration standards for ultrasonic and eddy cutrent procedures
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were fuinished. kodlogmphy was choracterized by a step wedge which was x-rayed ol two
exposures 1o develop log relative exposure curves for the particular equipment . Backup
vltrasonic, «ddy current, and penctrant equipment was maintained in the tronsport trailer
for cases where no equipment was locally available to dedicate to this effort.

FIELD AND DEPOT DATA ACQUISITION

The struchure samples were teansported to the solected Air Force installations in a utility
tediter specifically built for this purpose. The trailer also served as an object on which to
mount Type B stiucture lo perform radiographic and eddy current NDI. The trailer and tow
vehicle are depicted in Figure 3-10. A pickup truck wos used for both transportation of
the Lockheed engineer (who remained with the program throughout to provide overall
coordination and direction) and trailer towing to the various locations.

On arrival ot each base, participants were selected at random, given an orientation brizf-
ing and assigned the NDI tasks. Data from the NDI tasks (structure sample inspections)
and accompanying evaluations performed by the Lockheed engineer were then compiled and
sent to Lockheed. The structure samples subsequently were loaded and operations moved to
the next participating base. The following narrative is presented to describe each of the
data acquisition steps in detail .

1. Selection of Participants

A represcntative cross-section of NDI technicians were selected whenever possible
with regard to training, skill level, and brckground. However, some bases had limited
numbers of personnel, and the alternative was to obtain data in sufficient quantities at
each base by requesting participation from all available NDI technicians. Other
bases had more personnel than could be reasonably assigned to this progrom. For such
cases, prospective candidates were selected at random. This was accomplished by
assigning identification numbers serially and selections made from a table of random
numbers. For example, if there was a need for 10 eddy current NDI technicions but
there are 30 available, identification numbers were assigned in sequence from 1 ta 30
and the ten selections made from the first ten numbers in o random sequence of numbers
from 1 to 30. The selected personnel were then scheduled for the orientation briefing.

2. Orientation

An orientation for instruction and information purposes was prepared in a norrative
which was keyed to 35mm slides for on audio/visual presentation, providing consistent
instruction throughout the data acquisition cffort, Back-projected imoges were pre-
sented on a screen with the device shown in Figure 3-11, which contained o tope
seplay mechonism for the norration and automatic slide udvonce. The complete orien-
lation is presenied in the Test Plan (Reference 10). Scheduling ond assignments were
performed at the conclusion of the orientation briefing.

3. Scheduling

A matrix of NDI tasks and personnel, referenced to the structure somple types ond
NDI method, is presented in Figure 3-12. This matrix was de+igned to ensure
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Figuie 3-10. Lquipment Trailer and Tow Viehicle



s

Juflel

il |

sl il

Figure 3-11 Audio=Visyel Equipmens fo Orientation

"

vl g,

i




Wi

uoIISINDOY D40 4O 340y WAWIXDYY Yitm Psn sjuawubissy 3so) |QN jO XIHDW °Z|-¢ unBiy

suo1o1wyaa) yuann) App3 023 "

‘3 13

uoIDIUY23] JWODKHIN OIN *°° ‘ZN ‘(N

uoI O ads U] JUDI3UIY id
Aydo.Bo;pcy 1y
(319H +]08-HE PO3Ys3r0-HO ‘Yioawapun~N () uoydadsuj yuanin) App3 13
uoiysadsur d1uosDIy|N 1n
adA| ajduog anprug 3t ‘D ‘g 'Y
*AN3ON
13 813 813 6N | oud 023 613 | (poy) on "0z
813 6N £13 Li3 N 0Z3 {oz/61 4 | 612 *61
613 0Z3 083 gLn 6d 813 13| (Po?) 6N "8t Al
0Z3 | olNn 613 613 6N g13 [8l/ZL 4| £13 4
€13 713 713 N 8d 913 G13 | (peey) 8N 91
vi3 N €13 €13 8N 913 [91/51 8 | S13 "Gl
Gt3 913 913 8N ld 713 €13 | (po2y) L0 vl
913 en Gi3 E| L0 vi3 | ri/cL 8 | €i3 "€l 1"
63 013 013 sn 9d Zi3 1t3{ (Poay) 9N "zl
013 sn 63 63 on Z13lzi/IL | 113 1t
L3 Zi3 Z13 9N Sd 013 63 | (PP™) SN "0l
Z13 9N 113 1i3 SN 013 | 01/64 | &3 6
63 93 73 £n vd 83 a3 | {(poay) N '8 [
93 £Nn 3 $3 N B3| 8/2d4 | <3 4
43 83 83 N £d 93 G3 | (pooy) £n ‘9
83 N £3 3 £N 93| 9/54 | <3 s
i3 Z3 23 N Zd 3 €3 | (po®y) Zn 4
z3 1N (3 13 Zn v3 | p/ey | €3 ‘€ |
£3 ¥3 ¥3 n ld Z3 (3 | (poay) tn Z
£ ZNn £3 £3 in al Ly 13 "1
:mzm 1n, | Hei3 813, | 1ng :u 5u HOL3, [NNL3g e 13, [ 1ng | ,va 33}
NOILDISNIE ANV I1dWVS I¥INIDNELS 40 IdAL

3-17




E
kﬁ?ﬁa;ﬁé?g_:; ==z .=

compatibility of simultaneous inspections on the structure samples and to optimize
scheduling efficiency. The primary function of the matrix was for coordination by
the Lockheed engineer and local base management,

4. |Inspections

The NDI was performed under the guidance and coordination of the accompanying
Lockheed engineer. A minimum amount of individuel instruction beyond the
orientation wos occasionally required in special cases, but the goal was to avoid
assistance which could bias results. The NDI procedures were supplied together
with general inspection information as a manual for the inspections in this progrom.
Participants were given ample opportunity to read the procedures and ask questions
before proceeding.

5. Sample Cleaning ond Recycle

Marks on structure samples to denote detected cracks were made with grease pencils
by the technicion and removed with solvent after transcribing to the data sheets.
Penetrant residing in Type C structure somples ofter each inspection was removed by
ultrasonic cleaning in an isopropyl alcohol bath. Both of these cleaning operations
were performed by the Lockheed engineer. Fifty cycles of penetrant application and
removol on a Typc C somple had been previously conducied to ensure that no biasing
effects are introduced by repeated cleaning. Results of this test showed no significant
chonges for penetrant response, yet the cleaning is effective for penetrant removal.

The routine cleaning required to perform the penetrant NDI was performed by the
technicion., Penetrant NDI was planned on the Type C somples to follow ultrasonic
ND! which left a viscous coupling medium on the surfaces. The residual couplant on
the surcaces inhibited effective penetrant response to the fatigue cracks unlass proper
cleaning preceded the penetrant application. This sequence of NDI methods was
intended for the purpose of testing the NDI technicion's overall ability to perform
tasks according to the procedures.,

6. Doto Transmittal

The raw duto was transmitted by mail or carrier from the field to Lockheed. Upon
receipt ot Lockheed, the flow indications were systemized for dato processing in the
format presented in Figure 3-13. Technicion Profiles, Equipment Evaluotions, ond
Environment Reports were filed by Air Force categories in their original narrative form.

All row data, classified by location ot which they were acquired, were submitted to

the Air Force Logistics Command Program Monitor both in the reports of data analysis
ond as requested on occasion throughout the process of data acquisition. The purpose
in maintaining the raw data is for future analyses by different methods or for different
objectives than those set forth in this program.
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Somple Type/NDI Method

Flaow Flow . . R S ]
0 Sire Technicion ldentification /n /y
{
S/N
o
/s
F

S = Total Finds

n = Number of Inspections
N = Number of Flows

f = Total False Calls

Figure 3-13. Basic Data Summary Format

3-19




7. Data Reporting

All raw dota were cataloged and available to the Air Logistics Command throughout the
period of base visits. Processed flaw detection data, incrementally updated after each
base visit, waos reported to the Air Logistics Command at the update times. The final
report for the dota acquisition and analysis was planned to con*ain the following:

Histograms of four flaw size ranges versus mean detection probabilities
i ond probabilities at the 50%, 90%, ond 99% lower confidence levels.
i The histograms being classified by the primory variobles of depot or

g field NDI, technician grade level, NDI method, and type of structure.
i

] b. Tests for the significance of field or depot site, ND{ technicion, NDI
% method, and fiaw size influences on detection probabilities at o 90%

: confidence level.

? c. A compilation of non-numericol dota from the forms on Technician

Profiles, Equipment Evaluations, Environment Reports, and Daily Logs.

ANALYSIS OF RESULTS

The dato acquired in this progrom were statisticolly evaluoted to yield both graphic presenta-
tions of detection protabilities with regard to flow porometers, for given variables, and tests
for significonce among voricbies. Rather than develop a description of the analysis here, the
reader is referred to Sectior IX, Analysis Methodology .
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SECTION IV, DATA ACQUISITION

After preparation of all structure semples, inspection procedures, dota sheets and support
fixtyres and equipment, o "Dry Run" of program logistics and data acquisition was conducted
at the 4950th Air Base Wing, Wright-Patterson Air Force Base, Ohio, during 16-26 June
1975. Everything necessary for the field data collection phase of the progrom was trans-
ported in a specially-built 16' utility trailer. Major items included the structure somples,

two 2-drawer file cabinets (with a specially-constructed top so tnat a desk could be assembled)
three 6' tobles, 6 folding chairs, 2 bulletin boards, ! ultrasonic cleaner (for cleaning speci-
mens after penetrant inspection), the inspection procedures and data sheets, and miscellaneous
markers, tablets, pencils, and other supplies.

Wrigh.f—PaHerson Air Force Bose

The progrcm “Dry Run" was set up at Wright-Patterson Air Force Base in a large hanger bay.
Progrom briefings were given tc manogement persorinel and to the NDI technicians who were

to participate in the progrom. Both briefings were delivered by use of the desk-top slide
projector (back projectar) that contained a cassette tpe pleyer and its own screen (see Figure

3-11). A cossette tape was used to make the oral parr of the presentation. This tape wos keyed
with on inaudible signal that signalied the machine to change slides ot the prope. time during
the presentation. This opproach was taken so that all briefings given during the program would
be identical, thus avoiding a potential bias in attitude and understanding.

The management briefing, approximately 20 minutes long, provided a description of the pro-
grom and its goals and a discussion of associuted engineering and scientific technologies.

he technician briefing, also about 20 minutes fong, described the program and informed the
technicicns what they were to do in the program and how to complete the required data sheets

After the equipment was set up and suitably arranged and the briefings were completed, the
porticipating technicians were given their assignments. When an assigned inspection task
wos completed and the detected flaws were properly recorded on the data sheets, the techni-

cian was given another NDi assignment. This procedure was continued as long as the tech-
nicion was available to the progrom or until he had completed all assignments in the program

During the stay at Wright-Patterson Air Force Base, many Air Force scientists and engineers
visited the area to observe the program as it was being conducted. Ccmments and suggestions
for program improvement were solizited from many of these knowledgeable observers. The
program progressed well and was compleied on schedule. Minor changes resulting fiom the
"Dry Run" were made in several of the detailed NDI procedures and accompanying data sheets.

Having incorporated desired changes from the "Dry Run" and after finalizing and reproducing
the procedures and all data sheets, finol preparations were mada for the program to depart
for on gpproximate two-year tour of selected Air Force bases. The four bases visited within

each major command viere selected by the Air Force Command ND{ Monitor representing thot
command (see Figure 4-1),
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TOTAL NDI ACTIVITY"
% % % %
Command - Base Ultrasonic Eddy Current Penetrant |  X-ray -
Surface | Bolt Hole o 1 ) T
AFLC  Hill 16 24 16 17 27 B
Kelly 9 6 10 4 2
McClellan 18 2 10 50 20 ]
Tinker 2 7 2 61 28
Wamer Robins 5 6 5 12 72 1
ATC Randolph 2 \ 1 49 47 1
Reese 3 5 2 57 3
Webb 4 10 7 50 29
Williams 1 1 2 22 74 1
1
MAC Charlesion 16 26 5 52 1 ‘
Dover ? 21 3 48 19
McChord 26 17 13 25 19
Travis  ° 16 27 6 45 6
SAC Carswell 1 15 0 82 2
Ellsworth 3 6 2 &7 2
Offut: é 3 0 50 1
Pease | 16 19 0 61 4
TAC Bergstrom 0 25 16 45 4
George 4 12 5 58 21
MacDill ) 10 9 6% 13
Shaw l 0 il 4 70 15

*Excluding Magnetic Particle

Nata derived from information submitted by NDI technicians - Probably questionable
for the Logistic Commands because not all techniciaons could participate, as was
generally the cose at the bases.

|
|
|
{
;
1

Figure 4-1. Percent of Regulorly Assigned Aircrafi Inspections for each NDI Technique
ot Bases Visited




Randolph Air Force Base

The Firet baw 1o be visited wos an Air Training Command {ATC) bose, Randolph Air Force Bae,
in San Antonio, Texas. The program, now known by its nickname, "Have Crocks-Will Teovel, »
was initioted there on 14 Gztaber 1975, The ATC utilizes one standord building design for
their ND! shops. One section of the building contains the inspection shops ond offices ond

the other section is an X~tay bay which is large cnough to contain an entire fighter aircraft.
The facility ot Randolph wos reasonably naw and in excellent condition.

The program util ty trailer was unloaded and positioned in one corner of the X-vay bay, since
it aastillad Lostbe Weray part of the progrom 1o simulote on aircroft fuseloge. The struc-
. lure somples and all auxiliory equipment were set up in the inspection shop oreas which were

temperature controlled ond well lighted.

The ND! Shop Chief at Randolph was a civilian with 6 M/Sgt second in commond. A total
of nine technicicns participated in the progrom ot this focility. Four of these were Level 7
and five were Level 5. All were military except one civilian who was retired from the Air

Force.

Excluding mognetic particle, inspection methods predominontly used at this facility were
penctrant and x-roy. Approximately 49% of the nomal inspections conducted were penetront
and about 47% were x-ray. The other 4% was about equally divided between ultrasonic ond
eddy current (see Figure 4-1). During the four-week period, the nine participonts corried
out 48-1/2 inspection projects. The program was concluded ot Rondolph on 19 November
1975.

The wecther in Sa.. Antonio during the Randoiph AFB visit ranged from hot during the first
part of the period -o mild and cool during the latter part of the period. Although there were
great c«tremes in weather from one base to another during the 2-year period, almost oll
inspection tasks were conducted inside temperature-controlled buildings, as are most routine
Air Farce inspections. Therefore, weather should not be considered o variable with relotion

to the NDI reliobility results,

Kelly Air Force Base (Depot)

The second Air Force facility to be visited was also in Son Antonio, Texas, ‘the Son Antonio
Air Logistics Center ot Kelly Air Force Base. The move was occomplished on 20 November
1975, ond progrom operations were sta-ted on 21 November. Since the depot ot Keily AFB
was the monitoring facility for the entire program, manogement there had been previocusly
briefed ond were cntirely familiar with the progrom.

The progrom structural somples ond oll ouxiliary equipment, including the utility trailer, were
initially set up in o lorge unheated honger. All samples ond equipment, except the troiler,
were subsequently moved into on unused office arca in the honger building and a portoble
heater was set up for use when required. The oulside temperature ranged from the low 30's
“to low 50s during the five weeks at Kelly Air Force Base. S ,
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Participating personnel ot Kelly AFB were all civilions. All technicions that participated

in the eddy current inspection tasks were classified os Aircraft Sheet Metal Mechanics.

They were certified to do eddy current and penetrant inspections. The technicians that did
ultrasonic inspection tasks were classified as Ultrasonic Equipment Operators, end although
they may be certified in other NDI| techniques, they primarily do ultrasonic inspections.

The technicians that did .he penetrant tasks were clossified as Aircraft Sheet Metal Inspectors
ond some of these were also certified in eddy current. All the technicions above, except
ultrasonic, do ND! on a part-time basis as required, as part of their regular sheet~metal jobs.
The x-ray projects were done by Industrial Radiogrophers, some of whom were certified in
ultrasonics, but they all predominantly do only radiography.
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Although airframe NDI functions are nomolly done in several orgarizations, radiography
accounts for approximately 70% of all the nondestructive inspections done ot Kelly (not

considering magnetic particle NDI). The other techniques employed range from 3 to 10%
eoch (see Figure 4-1).
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Because of the large number of inspectors ot Kelly Air Force Base, = : moximum size groups
useable on the progrom were scheduled to participate for given periods of time. At the
beginning of each scheduled period, the technicion briefing was presented and then assign-
ments were made. A total of 47 people participated to carry out 128 inspection tasks.

e

T e o i
il A e

e v

Inspectors doing the eddy current and penetrant tasks indicated wide variations in their
normal frequency of conducting these type inspections. Some do these type inspections
frequently and some may have o gap of several months between successive eddy current or
penetrant inspections. The radiographers do only rodiographic NDI. Some radiographers
oppear to be used only as helpers and have received o minimum of on-the~job training in
the radiography process. The ultrasonic technicians apparently do a considerable amaount of

ultrasonic inspectior: for the number of technicians available, and were very busy during the
time the program was at Kelly AFB,
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Bergstrom Air Force Base
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Operations at Kelly AFB were completed just before the Christmas holidays, and all equip-
ment remained there until ofter the holiday period. All sanples and equipment were then
packed in the trailer and moved to Bergstrom Air Force Base, Austin, Texas, in early
January 1976. Bergstrom AFB is o Tacticol Air Command (TAC) base, and like ATC, TAC
uses a stondord building design for oll NDI shops. The shop and office areas of these buyild-
ings are similar to the ATC design, but the odjoining x~ray bay is much smaller. The program

trailer was a few inches too wide to fit into the x-ray boy. The building wos relatively new
and in excellent condition.
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After setup and briefings at Bergstrom Air Force Base, operations were started on 12 January 4
1976. Al incpectors were military personne! here with a M/Sgt acting us Non Commissioned 4
Officer In Charge (NCOIC). A total of seven technicians participated in the program. Four 5

were Level 7 and three were Level 5 technicions. During the four-week period, a totaol of

31 inspection tasks were completed. The x-ray projects were performed at o remote location
with auxiliory power since this was typical for their facility,
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The type of NDI work nomally done ot Bergstrom AFB included significant efforts in eddy
current, penetrant, and x-ray. Considering only the techniques being evaluated, approxi-
mately 25% of the routine inspections were eddy current surfoce probe, 16% were bolt-hole
probe, 4% were penetrant and 14% were x-ray. No normal NDI work was done using ultra-
sonics. Inspection personnel therefore experienced some difficulty with setting up the ultra~
sonic instrumentation for use on the program samples, but several ultrosonic inspections were
accomplished,

The weather ot Bergstrom AFB ranged from the low 30's in the mornings into the 70's in the
afternoon and wos generally sunny and mild.

The progrom wos completed ot Bergstrom on 6 February 1976. Program equipment was then
transported to Big Spring, Texas for use at the next installation, Webb Air Force Base .

W_Sbb Air Force Base

Webb Air Force Base is an Air Training Command Base and the NDI shop has the saome design
cs the one ot Randolph AFB. Again, the trailer was locoted inside the large x~ray bay.

The program ot Webb AFB was started on 17 February 1976, after having set up the equip-
ment ond performed the manaogement and technician briefings the prior week. All personnel
were military, with a M/Sgt assigned as NCOIC. Ten technicians participated in the
progrom. There were three Level 3, four Level 5, and three Level 7 tachnicions.

With relation to the NDi techniques of interest to the progrom, about 50% of the normal in-
spections that Webb AFB conducted were penetront and 29% were x-ray inspections. Eddy
current NDI ranked third at about 17% for surface probe and bolt hole probe combined.
Only about 4% of the inspections at Webb were ultrasonic, No problems were encountered
with the use of ultrasonics, however, as was the case at some other locations.

The program was completed at Webb AFB on 12 March 1976, with 36 inspection tasks com-
pleted. The weather during the month was cool to warm with high wind most of the time,

Dust storms were frequent,

Reese Air Force Base

The progrom was transported next to Reese Air Force Base in Lubbock, Texos. Reese AFB is
also an ATC installoticn. Equipment was set up and briefings were conducted during the
week of 15 March 1976, ond the program wos started there on 22 March 1976. Since Reese
AFB is an ATC base, the hardware was set up in the same configuration as ot Randolph AFB
and Webk AFB. All personnel were military ond the NCQIC was a M/Sgt. Five technicians
participated in the progrom. One was Level 3, three were Level 5, and one was Level 7.

Routine nondestructive inspection techniques normally utilized at Reese included significont
efforts in penetront and x-ray, with considerably smaller efforts in eddy current and ultra-
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sonics. Excluding magnetic particle, about 57% of the Reese inspections were penetrant,
33% were x-ray, 7% were eddy current and about 3% were ultrasonic at the time of the pro-
gram visit, Although instrument setup probably took a little longer than normal, several
ultratonic inspection tasks were completed on the program somples. No problems were en-
countered with eddy current inspections. A totol of 14-1/2 inspection tasks were completed
during the period that the program was at Reese AFB.

The program was completed ot Reese AFB on 16 April 1976. During the four weeks the
weather there was generally mild and windy .

Offutt Air Force Base

The program wos next moved to Offutt Air Force Base, Omaha, Nebraska, which is the
Headquarters for the Strategic Air Command (SAC). Briefings and equipment setup were
completed on 20-21 April 1976 and program operations begun on 22 April .

The NDI shop ot Offutt AFB is set up in o portion of a large building. There was adequate
room in this area for oll NDI equipment, including the x~ray facilities, magnetic particle,
penetrant ond SOAP (Spactrographic Oil Analysis Program), as well os the ultrosonic ond
eddy current activities. There was enough room in the area to conveniently set up the
reliability program equ.pment and the structure samples.,

All personnel were military and consisted of the NCOIC and 4 technicions. Four personnel
were on the standard day shift and one worked o 9 pm to 5 om shift, Two of the five were
Leve! 5 ond three were Level 7. During the month they completed 20 inspection task:.

Inspection techniques of concern to the reliability program that were routinely conducted at
Offutt, include penetrant, which was used for about 90% of Offutt 's inspections, eddy
current and uitrasonics which together accounted for about 9% of the inspections, and x-ray
accounted for less than 1%.

The scheduled visit at Offutt was completed on 17 May 1976. During the four weeks in
Omaha, the weather was cool to mild with some rain.

Wiilioms Air Force Base

The next move was to the fourth ond iast ATC base, Willioms AFB in Chondler, Arizona, As
at previous ATC bases, the trailer was unloaded and then positioned inside the x~-ray bay .
All other equipment was set up in the NDI shop area.

The monagement briefing was given on 27 May 1976 and the trailer was unlooded and the
equipment set up the following day. Technician biiefings were carried out and progrom

vperations were started on 1 June 1976,

All personnel at Wiiliams Air Force Base were military and consisted of the NCOIC aond six
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technicions on day shif! and two technicians on the evening shift. Six technicians partici-
pated in the program and completed 19 inspection tasks during the month, All six of the
porticipating technicians were Level 5,

With respect to the inspection techniques being evaluated, on o routine basis Williams AFB
used x-ray for about 74% of the inspections normally accomplished and penetrant for about
22% of the inspections. Eddy current, both surface scan and bolt hole scan were utilized
for only about 3% of the inspections, but there was little or no requirement for ultrasonic
inspection (less than 1%),

The scheduled visit at Willioms AFB was completed on 25 June 1976. The weaother during
the 4 weeks was consistently clear and hot, usually over 100°F during the day.

George Air Force Base

The next move was to the second TAC base visitad on the tour, George Air Force Base in
Victorville, California. The trailer wos moved into the area and unloaded on 1 July 1976,
ond the management Lriefing was also given on that day . Setup of equipment was completed
the following day and technician briefings and program inspections began on 6 July 1976.
Fourteen technicians participoted in the progrom and completed 39 inspection tasks during
the visit. Four of the technicians were Level 3, eight were Level 5, and two were Level 7.

NOI routinely utilized at George AFB included all of the four methods evaluated in this
program. The penetrant technique was utilized for about 58% of the inspecsions normally
conducted, with x-ray and eddy current next ot 21% and 17%, respectively. Ultrasonics
is the least used of the techniques and accounted for about only 4% of the total inspections
rovtinely occomplished ot George AFB.

The program was completed at George AFB on 30 July 1976, The weather during the month
was clear and hot,

Travis Air Force Base

The program was then moved to Travis Air Force Base, which is located in Fairfield,
Coliforria, This was the first Military Airlift Command (MAC) base to be visited. The NDI
facility was in o portion of a larger building. There was adequate room for the work to be
done, and lighting and temperature control were standard.

The trailer was moved onto the base on 5 August 1976 and it was unloaded and the equipment
set up during 5-6 August. The management briefing was conducted on 6 August, and progrom
operations were started on 9 August 1976. After being unloaded, the trailer wos located in
a nose hanger at a location suitably remote for operating x-ray equipment.

The NIDI shop personnel were o mixture of military and civilian. The shop supervisor was o
civilian with a M/Sgt second in command. Thirty-one technicions participated in the pro-
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gram and completed 34 inspection tasks. Five of the technicians were Level 7, 1B were
Leve! 5, and eight were Lovel 3.

At Travis, all NDI techniques of interest to the progrom were utilized. Penetrant wos nor-
mally used for about 45% of the inspections, while eddy current accounted for 33%, ultra-
sonic for 16%, and x-ray for 6%.

The program was completed at Trovis on 3 September 1976. The weather during the month
was generally mild to cool. ]

McClellan Air Force Base (Depot)

ik il o i

The program equipment was next transported to the second Air Force Logistics Center,
McClellon Air Force Base in Sacramento, California. The NDI shop is located in a large
hanger type building partitioned to make several x-ray cells, work areas, aond offices. The
x-ray cells are lead-lined ond, via a large sliding door, open directly onto the concrete
opron. The building is located right on the flight line.
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On 9 September, the manogement briefing wos given, and on 10 Septembes the trailer wos
unloaded on the apron in front of the x-ray cells. All structure somples and equipment
were moved into one of these ceils ond the trailer was then moved into an adjocent celi.

On 13 September 1976, the orientation briefing was given to the participating technicians

! ond progrom operations wore started. All personnel were civilian. Twenty-five technicians
participoted in the program and completed 55-1/2 inspection tasks. Technicians were
classified as Nondestiuctive Inspection Speciolist, Ultrasonic Equipment Operator, Industrial
Rodiographer, and Liquid Penetrant and Magnetic Porticle Inspectors, However, within these
job classifications, technicians were certified as Level 1 or Level 2 in inspection techniques
other than those indicated by the job title.

P i+ A P

All NDI techniques were extensively utilized ot McClellon AFB. Considering the techniques
being evaluated, penetrant accounted for about half of the inspections normally conducted

at McClellan AFB, x-roy accounted for approximately 20%, ultrasonics for about 18%, and
eddy current for about 12%.

The program was completed at McClellan AFB on 15 October 1976, The weather during the
month was mild ond sunny.

McChord Air Force Bose
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The program wos moved next to MeChord Air Force Base in Tacoma, Washington. This was the
second MAC base visited,

e

The trailer was moved on base on 21 October 1976 and uriloaded at the NDI shop. The NDI




shop is on the front portion of a hanger and consists of an oftice area, o large work area in
the mid section and sraaller work areas in the rear. The shielded x~-ray room is located just
outside of the ND| shop in the open hanger. The trailer was moved into the x-roy room for
the radiography portion of the progrom.

The management briefing was given for the Chief of Maintenance and his staft on 22 October
1976. The technician briefing was presented to the participating technicians on 26 October
and program operations were started the same daoy. Technicians were both military and civi-
tion at McChord AFB. The shop supervisor was an Air Force Sorgeant,

Six technicions participated in the program ond completed 13 inspection tasks. One techni-
cion was Level 3 and the other five were Level 5. All NDI techniques of interest to the
progrom were about equally utilized at McChord AFB. Ultrasonic normally accounted for

approxi-ately 26% of the inspections conducted there, penetrant for about 25%, eddy current
for about 30%, ond x-roy for about 19%.

The program was completed ot McChord AFB on 19 November 1976, During the month the
weather wos mild to cool.

Dover Air force Base

At this point in time, there was an Air Force requirement to determine the inspection reli-
¢ ility at Dover Air Force Base, Dover, Delaware. Dover Air Force Base is a MAC base,
Certain "Hot Spot" inspections were scheduled on C-5 aircraft at Dover Air Force Base
after the first of the year. [t wos desired to evaluate Dover inspection reliability prior to
performing these "Hot Spot" inspections. Therefore, the program traveled cross-country
from Tacoma, Woshington, to Dover, Delaware, during the latter part of November, 1976,

The trailer wos moved on base and unloaded on 2 December 1976. The monagement briefing
wos given to the Chief of Maintenance and his staff, ond the technician briefing was given

to the day shift and to the swing shift. On 3 December, the grave yord shift was briefed ond
assignments were made for all shifts,

Personnel ot Dover AFB were both military and civilian, and the shop supervisor was an
AirForce M/Sgt. Thirty-two technicians participated ot Dover AFB and completed 87
inspection tasks. Three technicians were Level 3, seventeen were Level 5, seven were
Level 7, ond the NCOIC wos Level 9 (four technicians did not specify their AFSC).

The NDI shop at Dover AFB consists of one large work area with a partitioned office off to
one side, There is one other smoller partitioned work area at the back of the shop. The
area is well lighted and temperature controlied. There was no x-ray facility large enough

to house the trailer; hence, it was set up in the bay of a hanger and roped off during x-ray
operations.

Two additional ND! techniques were added to the program at Dover. One was a semi-
automatic ultrasonic device that was designed to rotate around the fostener site (see Section
VI for complete description) and the other was the addition of a procedure for use of the
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Gulton outomatic eddy current bolt hole instrument (see Section VI). Written instructions
for the application of both techniques were provided, along with the necessary instruments

ond practice samples. The ultrasonic device was utilized to inspect sample A and the Gulton
instruments were used 1o inspect samples D, E and F.

All standard NDI techniques are routinely used at Dover AFB; however, the penetrant tech-

nique is utilized for almost half of all inspections. Eddy curient is used for approximately
24% of the inspections, x-ray for 19%, and ultrasonic for about 9%.

The progrom was completed at Dover AFB on 21 January 1977. During the month at Dover,

the weather varied from fairly wom (40°F) to extremely cold (-4°F) with both rain and snow
occurring.

Pease Air Force Base

Since the progrom was moved to the east coost, the original schedule was modified so that

Pease AFB in Portsmouth, New Hompshire would be the next base to be visited. Pease AFB
became the second SAC base to participate in the program.

The Chief of Maintenance was briefed in the morning on 28 January 1977 and the partici-
pating technicians were briefed in the ofternoon. The trailer was brought on base on the
same day and all equipment was unlooded ond the trailer wos parked outside the NDI shop .

On the following Monday, 31 January, assignments were made and progrom operations were
started.
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The NDI shop at Pease AFB was o part of o larger building and consisted of a large work area
with overhead sliding doors at one end. The x-ray room was adjacent in the same end of the
building, but was too small to house the troiler. The trailer was parked outside the overhead

doors, but was brought inside the NDI shop when the rodiography part of the progrom was
initioted. The area was well lighted and temperature controlled.

All ND! personnel ot Pease AFB were military. Three technicians participated in the pro-
gram and completed 12 inspection tasks. All three technicians were Level 5.

Each of the four standard NDI techniques being evaluated are used at Pease AFB, but
penetrant inspections constituted about 61% of these normal inspection requirements. Eddy
current accounted for about 19%, ultrasonic for about 16%, and x-roy for about 4%.
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The program was completed at Pease AFB on 25 Fekruary 1977. During the month the

weather was relatively mild for Portsmouth in February, but the ground and parking lots
were covered with ice and snow the entire time,
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Elisworth Air Force Base
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The program was next moved to Ellsworth A

FB which is located in Rapid City, South Dakota.
Ellsworth AFB was the third SAC base to participate in the progrom. ’
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The manayement briefing was held in the moming on 10 March 1977. The trailer was
brought on base and unlooded in the aofterncon. The equipment was set up and the staff

of three were given the technician briefing on the following day. The program was started
there on Monday, 14 March 1977,

The NDI shop ot Ellsworth AFB, which is located near the flight line, is like those at the
TAC boses. The x-ray facility was too small to house the trailer so it was parked outside
the building .

All personnel at Ellsworth AFB were military. The three technicians participated in the pro-
gram and completed 8 inspection tasks. (One week at Ellsworth AFB was nonproductive
becouse the base was closed due to a blizzard.) Two of the technicions were Level 7 and
one was Level 5.

Aithough all of the NDI techniques being evaluated by the program were used ot Ellsworth
AFB, penetrant was the predominant technique normolly employed. Penetrant was utilized
for 87% of the inspections carried out at Ellsworth AFB. Eddy current was utilized for about
8% of their inspections and ultrosonic ond x-ray occounted for 3 and 2%, respectively.

The progrom wos completed ot Ellsworth AFB as scheduled on B April 1977. During the
month the weather was initially cold with high winds. For the first two weeks the weather
improved until it was mild and into the low 70's, however, the winds were high the entire
time . On Monday of the third week ot Ellsworth AF8, it began to snow in the morning and
by Tuesday morning, 10" had tallen ond the bose was closed. By Wednesdoy morning 25"
had accumulated and the base and town were closed for the remainder of the week. By the
middle of the following week temperatures were back up to 60°F .

Hill Air Force Base (Depot)

The next move was to the third AFLC base, Hill Air Force Base in Ogden, Utah, Operations
were started there on 20 April 1977, Small equipment and samples were set up in a second
story room thot was not being used at the time. Entry was from the outside via an outside
stairway . The large structure somples were set up in an engine test facility on the ground
floor. The x-ray work waos done in a separate hanger that was large enough to hold an entire
aircroft, so the trailer was moved to that location and used for the progrom x=ray projects.

All inspection personnel at Hill AFB were civilian with a variety of job titles. Participants
were classified as A/C Sheet Metal Mechanics, Machinsts, Weapons Repairman, Ultrasonic
Test Equipment Operators, A/C Inspectors, QA Specialists, QA Tezhnicians, and Industrial
Radiogrophers. The A/C Sheet Metal Mechanics were certified for penetrant, or for both
eddy current and penetrant. A few were also schooled in ultrasonics but did no ultrasenic
work.. The Machinsts were generally certified for ultrasonic, eddy current, penetrant, and
mognetic particle inspection. The Weapons Repairmen were certified for eddy current only
ond soid that they had conducted no inspections in the lost 2 years. The Ultrasonic Test
Equipment Operators were certified for ultrasonic and some combination of eddy current,
penetrant, and magnetic particle inspections. The one A/C Inspector was certified for
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vltrasonic, eddy current, penetrant and magnetic particle inspections. The QA Specialists
and Technicians were certified in one or more of the four methods plus radiography. The
Industrial Radiogrophers were certified in radiography only.

Thirty-one technicians participated in the program ot Hill AFB and completed 65-1/2 in-
spection tosks. All standard inspection techniques are utilized at Hill AFB; however, about

half of the participating technicians indicated that they do little or no NDI work on a rou-
tine basis.

Eoch of the four methods evaluated were utitized at Hill AFB. Eddy current was normolly

used for approximately 40% of the inspections corried out. X-ray accounted for about 27%
of the inspections, penetrant accounted for 17%, and ultrasonic for 16%.

The program was completed there on 20 May 1977. The weather in Ogden during the month
wos generully good with o few days of rain and light snow.

Carswell Air Force Base

The program was next moved to Carswell Air Force Base in Ft, Worth, Texos. Carswell was
the fourth and lost SAC base scheduled for participation.

All equipment and structure samples were set up inside the NDI shop and operations were
started there on 30 May 1977. All the inspection personnel were military. Four technicians
participated in the program ond completed 8 inspection tasks. Two were Leve! § and twa
were Level 7. Carswell AFB employs each of the four methods evaluated, however, pene-
trant wos utilized for about 82% of the inspections normally conducted. Eddy current was

utilized in about 15% of the inspections and x~-ray and ultrasonic were used about 2% and
1%, respectively.

The program was completed there on 24 June 1977. The weather during the month was sunny
and wam .

Tinker Air Force Base (Depot)

The next move was to the fourth AFLC, Tinker Air Force Base in Oklahoma City, Oklahoma.

The progrom wos set up and orientations were given on 30 June and 1 July ond progrom
operations were startea on 5 July.

The program was conducted in the rear section of a building that houses several labs, shops,
and offices. These were normally used for combinations of storage and loading and unloading
equipment. It was well lighted oand temperature controlled. X-ray work was done on the

graveyard ;hift. The trailer was moved into an open bay in the main aircraft assembly
building for the x-ray tasks.

A set of 76 technictan proficiency screening samples were added to the progrom at Tinker.
These samples were 16" x 2" x 1/4" with 10 holes each. Inspection techniques to be
applied to these specimens were ultrasonic and eddy current bolt hole. These specimens were
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to be inspected to investigate the possibility of using a simple structuror somple for the
screening of inspection perscnnel.

All inspection persorne! ot Tinker were civilians with vorious job tifles, Porticipants were

classified os A/C Mechanics, Sheet Metal Workers, A/C Engine Repair Inspectors, A/C Jet
Engine Parts Inspectors, Blade Reworkers, and Industrial Radiographers. The A/C Mechanics
ond Sheet Metal Workers perform ultrasonic, penetront, or eddy current inspections on a
part-time basis ond may conduct up to 10 inspections per month, The A/C Engine Repair
Inspectors ond the A/C Jet Engine Parts Inspeciors perform penetrant, eddy current, ond
ultrasonic inspections on a full-time basis. One inspector may conduct several hundred of
these inspections during o typical month but, on the overage, over 50% of the inspections
ore penetrant. The Blade Reworkers conduct penetront and eddy current inspections on several
thousand blades during o typical month, The Industrial Radiographers primarily do radio-
graphy, however, they are certified for and do some small amounts of uitrasonic, eddy current
und penetrant.

Twenty-six technicians participoted in the program and completed 75 inspection projects.
Although ail staiidard NDI techniques are utilized at Tinker AFB, penetrant is emplioyed

for the largest number of inspections. Excluding the turbine blade inspections (plus mognetic
particle), penatrani is utilized for 61% of 1he inspections, ultrasonic for 2%, eddy current
for 9%, and radiographic for 26%. For the turbine blade inspections, penetrant is utilized
for about 75% of the inspections ond eddy current for about 25%.

The program was completed at Tinker AFB on 12 August 1977. The weather in Oklahoma Ciry
during the month wos generally sunny and hot,

MacDill Air Force Base

The progrom was next moved to MacDill AFB in Tampa, Florida. MacDill was the third TAC
base visited and the ND! shop is the same as those at the other TAC bases.

The trailer was brought on base on 22 August. It was unloaded on the 23rd of August and
the management and technician briefings were also carried out on that day. Progrom opera-
tions were started on the following day.

All inspection personne!l were military. Four technicians participated in the progrom and
completed 3-1/2 inspection tasks, Three of the technicions were Level 5 and one was Level
3.

All of the inspection techniques being evaluated were nomally utilized nt MacDiil. Pene-
trant was used for approximately 69% of the inspections conducted. Eddy current was
employed for about 19% of the inspections, x-ray for 11%, and ultrasonic for arourd 1%.

JOPUISI -

The program was completed at MacDill AFB on 16 September 1977. The weather in Tompo
was generally sunny and warm duc'ng the month,




Robins Air Force Base (Depot)

The next move: was to Robins Air Force Base, Wamer Robins, Georgia, which was the
fifth and last Air Logistics Command base visited.

The trailer was moved on base on 21 September 1977. It was unloaded, and the technician
briefing given. The monagement briefing was given during the following day ond prepara-
tions were made for the program operations to start, The structure samples and equipment
were set up in on engine test focility which was being used part-time for x-ray work.
Program operations started on 26 September 1977.

The mojor portion of the NDI technicions ot Woarner Robins ALC work the midnight to 8:00
arn shift because of their heavy x-ray work lood. The remaining technicians work on sither

the day or swing shifts, The majority of program purticipants were night shift empioyees and
performed rheir assigned program tasks during the night shift,

All technicians were civilians. Fourteen participated in the program and comrieted 59
inspection tasks. Of these technicians, twelve were classified aos Industrial Rediographers,
one as a Radiographer Technician, ond one as an NDI Specialist.

1
All inspection techniques were utilized by the participating technicians, but radiography ii
accounted for over 70% of the inspections normally carried out by them. About 12% of
the routine inspections were penetrant inspections, with ultrasonic, eddy current surface z
probe, ond eddy current bolt hole probe accounting for 5 to 6% each. e
The program was completed ot Wamer Rabins ALC on 28 QOctober 1977, The weather wos
generally mild during the visit to this facility.

technicions had participated in the program at George AFB in July of 1976. During the past

Charleston Air Force Base é
L3

The program was transferred from Warner Robins, Georgia to Charleston, South Carolina. é
Charleston Air Force Base was the fourth and last MAC base to participate in the program. ‘j
The trailer was moved on base on 2 November 1977. It was unloaded that day and the é
technicion briefing was given. The management briefing was scheduled to be given on the {1
following day, kut the next morning it was postponed until the following week. Progrom :
operations were started on 3 November, however. g
ra;

Ld . i 3 - . i

All samples and equipment were set up in the NDI shop which was located in a large building &
with other shops and offices. The NDI shop was a large, long, open room with overhead %
doors at one end that opened outside onto o concrete drive. iy
The NDI shop chief was o civilian and the participating technicians were both military ond %
civilian. Six technicians participated in the progrom and completed 8 inspection tasks. £
One technician was Level 3, four were Level 5, and one was Level 7. One of the Level 5 %
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year he transferred to Charleston AFB where he had the opportunity to participate in the
program a second time .

Chorleston AFB nommally utilized all the NDI technigues being evaluated, including the
Gulton automatic bolt hole instrument. The major portion of their inspecticn jobs involved

. the use of the penetront technique, which accounted for slightly over 50% of the inspec-
tions performed. Eddy current surface probe inspections amounted to approximately 26%
of the inspections done, and ultrasonic inspections accounted for about 16% of the in-

spections. Ecdy current bolt hole, eddy curreni bolt hole automatic and x-rcy each ranged
from 1 to 3%.

The program was completed ot Charleston on 2 December 1977. The weather in Chorleston
was generally mild during the month and some rain occurred.

Shaw Air Force Base

The trailer was transported to Shaw Air Forcc Base in Sumter, South Carolina. Shaw AFB

was the fourth TAC bose to participate in the progiom, and was the final base on the pro-
grom schedule.

The trailer was brought on base on 7 December 1977 ond unloaded at the NDI shop. The
monagement briefing was presented the following day and the equipment was set up for
program operations to begin on 12 December.

The NDI shop had the typical TAC design. All equipment was set up inside the building
and the trailer was parked outside.

All participants at Shaw AFB were military. Nine technicians participated in the program

ond completed 12 inspection tasks. One technician was Leve!l 3, five were Leve! 5, and
three were Level 7,

Shuw AFB has routinely used all NDI techniques under evoluation except ultrasonic, which
is seldom required. Penetrant was used for approximately 70% of the inspections normally

conducted at Shaw AFB. X-ray was used for approximately 15%, and eddy current surface
probe and bolt hole probe for about 15%.

The program was comgleted at Shaw on 13 January 1978. The weather during the month
was cold to mild with some rain occurring.

Summorz

From 16 June 1975 tc 13 January 1978, the program was taken to 22 Air Force Bases, in-
cluding the Dry Run at Wright-Patterson (See Figure 4-2). All 5 AFLC's participated, as
well as 4 ATC bases, 4 MAC bases, 4 SAC bases, and 4 TAC bases. Excluding Wright-
Patterson AFB participonts, almost 300 NDI technicions participated in the program and
completed approximately 300 separate inspection tasks, This represents the cumulative
inspection of over o half-million potenticl ilaw sites (see Figure 4-3).

4-15
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After completing the work at Shaw, the progrom trailer with the stru~ture sariples was
returned to the Lockheed-Georgia Company in Marietta, Georgia fo conclude all program
tasks. The program nad been on the rood continuously for 2 years and 3 months, Iotol
distance 'traveled during that time was 50, 000 miles. ¥
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SECTION V, DATA COLLECTED

The nucleus of all the NDJ reliability dato ocquired in this program is composed of flaw "find"
or "no find" information for each catologed flaw site inspected by each participant. Flaw
sites cataloged at the start of the data acquisition phase were those identified as suspect
fatigue cracks of lengths estimated initially by nondestructive methods. Subsequent structure
teardown ond detuiled examination at the conclusion of the data acquisition phase provided
more accurate data on the flaw content. Schedules of cataleged flaws which were identified
at the beginning of the data acquisition effort are listed along with participant identification
numbers for each structure somple/ND| method combination in Figures 5-1 through 5-16 in
matrix formats. Entries are coded with a numeral one (1) denoting o find, a zero (0) denoting
a no-find, and a dash (=) indicating that the individual did not exomine that particulor flaw

site, /

Dato summaries are provided ot the bogom of each column ond af the end of each row.
Column summaries provide the total ngmber of false calls (F) by each technician, the ratio of
finds-to-total flaw count (2/N) and fhat ratio in percent (%). Row summaries are given on
the final poge of each figure in termf of total finds ratioed to total number of technicians

(2 /n) and that ratio in percent (%)§ Cotologed suspect flaw locations which were not sub-
sequently confirmed as containing cfacks after teardown are coded with an asterisk (*). The
post-teardown flaw information whilfh is corrected for size error is provided in Section VIil,
"Tecrdown Evaluation" and is emplyed in the final dota analysis contained in Sections X and
XI. The flaw identification (ID) nfmbers which are listed on the above figures are the ones
used in the dato acquisition phase §f the program. The same flaws are listed with crack
identification numbers in Section Y, using prefix ond suffix medifications to the basic iden-
tification numbers listed in this sefftion. For example, flaw number 77a in Figure 5-1 is
identified as crack number A277/%n Figure 7-5. This change was incorporated to facilitate
computerized data storage and retrieval . :

A large quantity of additional raw dota, in both numerical and narrative form, was collected
but the volume exceeds the limits of convenient presentation in this report, The categories
tor the additional data are as follows:

o Facility Evaluation

o Daily Log

o Equipment Performance

o Technician Profile

o Inspection Loy (equipment settings)

The detailed content within each category is presented in Figures 8-1 through 8~7 in Section
VI, Data Storage and Retrieval and os it wos originally formatted on raw data sheets in
Figures 5-17 through 5-29,
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SCANS (Continued)
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FIGURE 5~-3, RAW DATA SHEET - SAMPLE A, SEMI-AUTOMATIC ULTRASONIC SHEAR
WAVE SCANS (Continued)
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FIGURE 5-5. RAW DATA SHEET - SAMPLE B, EDDY CURRENT SURFACE
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FIGURE 5-6. RAW DATA SHEET - SAMPLE B, RADIOGRAPHIC NDI
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FIGURE 5-8. RAW DATA SHEET - SAMPLE C, PENETRANT NDI
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FIGURE 5-8. RAW DATA SHEET - SAMPLE C, PENETRANT NDi
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FIGURE 5-9. RAW DATA SHEET - SAMPLE D, ULTRASONIC SHEAR WAVE
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FIGURE 5-10. RAW DATA SHFET - SAMPLE D, MANUAL EDDY CURRENT
BOLT HOLE SCANS  (Continued)




™) -l bt
. I
st oafPsr

B LD M ADS:

[ —————— T
e T | T 0 T i ENRABE

_

e %
Z M=z
£ - 4
FA% X ;\E e : ..0; = €l2a
pI%/8 ) "189-1a
2°£2 $% %) Tee-c
4211 %/, ) 1b%1C
11 167/21 fa) “{sp-10
£ %o 2] 8-10
575 Mr ST s
S8 s M o “fer-2a
ol |1t/ I 0 s-20
872111/, ) i-z20
o v, P a
v \w o.m IGHI

Gr NWDOINHIR2L

(Continved)

5-36

A EEE TR

BOLT HOLE SCANS

FIGURE 5-10, RAW DATA SHEET - SAMPLE D, MANUAL EDDY CURRENT




g -~ WS TITH LA G M T L e LRI b A AR A ST RS ISP s, B .2 PALLW N - FY T P
3‘11 AT PR . o et

(V5]

o)

¥

[,

-

2

—

_ og o/ |og o/ (7] og| o/ Clez o\- m

2/ / / =

78| rl%| 12 B 1% |%1E] m= =

#¢l lolsel] ¢ ! 11 b clz| A m

22z &/21 | I} Tolol (O] {9 1O |0l o] =5 [2-zc|* a

il et m \.J\omo o] |@ OlQF Tolo: ro |29-c|¥ b

222| 6/2] | | [. 10791 jOi Jo] [o[o] [a[T]| vo [rc-a|* o

. M . L ! ! w
AR L LT 9t o] 9] 1979T o0 | o [esicik 5 .
ARELb/A 0 L i b [T o 1o T (61T e S # 2 T
222 b/z] | i 1 | 11 | loy Toyd T 107 |90, igloico s o# « o

222 bfz| 1| _ Do Lol H&_" @] Q OlO0] Tololeo  lva-iqlk m

L Y% O O O O O O = O e I T A I A e I A I -

Pl 6/p 1 0 1 i1 iy (99Ol e 1918 [0 o lzo > [szalk <

’ ¢ 1 1 ¥ ¥ ! > : T

£ o/l | _ vy _,OMO 0 ST _~ 0igleo> cizo| ¥ Mm

e, ! R ™™ R

%7z | R SRS 2 &) B | NRIms)ar 24

LR PR ELRE] R
fm b : L i
a7 NVIDIIVH 232,

FIGURE 5-11.




L I W e T S T Y R T T BT T e e ST - D A B TR e e ekl :
I
| 1
i _
, !
1
|
TN o oj ¢ ol ¢ o] & ol clclaio el dlolol oo lddca ol oo olyple ,m
PO S U olal O e 0 6 G aala oo ool e oo slye
i EEDDDNE IO O PP DI EE P B
i HEE EEEEREER -
 EECEEEE PR EEEEEEEEE R 5
EEEEEEEEEREEEEEER R EEEEEEREERNBANE @
S ol S ofo/ o[ -4 JdoJo =440/ 4-1-14+ L«l,wn.ﬁw z
EsDNEEE R EEEE E NI BN DR <
i ol clo o o o 6l 6l o] o oj ol Giolojoiolalojof ol 0 o] 0 = ¢ 0 Klgl+ 3
3.0 I_O_ __r_ I ._ ) __.»_h. Lr.w;loﬁr;o 0| O :1._\ ..NO. -1 J./Yllrd). N
5 010, 0 0| —olol ol =10/00 — 4ol oo 4~ o -l J - -To 2T B
w_mmuOO_WO.qOIWOMOAOLQIDJ_\AﬂO JOAO OWQJO_U!.HLI"H.%..S cIL.
319 4 0 0 0 G G -0 —| =0 O G0l 40 40[— =0 o3 ~ -] —iwsey =
| 213 0l ol o -] O] 501 0] G OGO 6 0ol 0 o] o] Of ol 000l &l - - — Hyak 2
I 310 5] - o]0 0 9 5 0o o -l —jolaololofol = — 44T -1T4%3d3] 3
j" mNMMQII_O«|IOO_JO_rIOO.LC_TIIMO_JJI_O_IM-JLIH‘OM Iﬂ“-{VMw“ .
I ol o —| o ~ =15 G Ol 0|5 010 0] 6 0] 0] 0l 0! ul 5 o] | = 010 NS H N
, 38 o[ 0] 0| -| ~ 0| 9 S ol -Tolojol < o[ Q] o] o] vjofCio - .« < ~ 0 %R = &
27759 401 0]0]0i 0 - - - = 4 -1 010 - o[2! ¢ 40 af i ool -3 dn 2 o
UTF9 Jolo| -0 -0l a ol o] ojol e o] o ol o] ol ol o] -Tof =] o] o of O'2 jale -
NI PRI EEIEE R EEEE L SE —
Mnmnooo__ b Lol ol i OOOOleu..LLr.._lws 5 m
N mmool_ooo_o”ﬁao..coocﬂoﬁilo_ttloqlALLLJH&H; sy
[N ZE0 o ol o] 0] 0] 0] o[ ©1 O] O] O] 6/ 0] Ol O[ 6 6] L O] G I LT 0T F Ul 0! O] W[4k o Mm
T | L 5o
o0l ol o[ ol 0l 0! ol clofclofwin oﬂorooooooooo_lo.lu.r-.vu z 9
o%0[ ol ol o] ol o o o ¢ ¢ cjololvle 4 [ol¢cfofol -[o] - o 4 ol ¥R Mm
o%9 ol o] o[ o] J o] <[ c|cl ¢lclo of of o o ol o[ ol clolal ol ol af + wfizl= )
0T g o[ oj o Clal o[ -Telcfc]ofw o of of o] &[ ¢ 0T 0] & cmouﬁoﬁoﬂmymﬂ =
PP EEREREEREEEERER o,ﬂohoﬁo_o 4 L_o_w/_wa_ﬂu &
B EEEEE BB BB EEREREREEE g
Calviviyi 29" a F., SR _ . L« F'Nﬂ/o @ !
o [R[F[ 4TS 1318 2 [RIA12IBIA[SIE (T3 [R5 8% RHERE w - |
Nl C7F 3 1 M DR D wh&w Sluid]zio(ioio@)zjg|ola]a|wle
- P 2 R R A A %oy e W X ¥ ;




| |
1 | 1
,;Eo..oooolo..ooooEl..OI.._I_o.llllLlswﬂn w
ol 2ol olol ol ol ol o] ol ol ol o] 4 = o] = — = o] 4 -] 4 4 N [A&[D e}
N:T‘OIloOooo.oooooo(LO!lL.OiJIlJLzu..w M
MEOlOOOOOOOO>O.O,_OOII"OI.IMOLII_VJ.E.I,;WIH.W @L
FOTt ST aIG Sl ol o] o o & 0] oSl ol 0 oo &l ol 2 o] 4 &~ — — A nlail & &
I | R 5
Esooooooooooooonooooo_ooo,o_co_.oﬂmfno w
«oo\o_oooooooooooooooconwooo<@ooo_com/ﬂo m
L. >
.choooooooooooo_oooooﬁooeooh,woo.ls:/zu, 2
Lo o ol ol ol o 3 of =l ol of ¢ o of o ol ofojcl—l ¢ o~ = = 0 He|A4 R o
o%ooooooooooooooownooio&mcmﬂLl_o_oz. s e 3
\owooooooooOo.ﬁolLo_ooMQoocoowo..rﬂoﬁo.“ozzn7 W
«&ooooooooooooo_oo,oo_ooo_now.._,ro.lo_io.%.n <
, 4. . 3
: Q i ﬂ _ -
f%motooooooooooooo__oooo,ooowo*oo_o,o.mbs-u,v ui o
: mamo_ooLoLooooooowooylooo.ooc,omcooﬂowl7 w|la = M
b ,_ >
XEO S ol ol o ol o] of o] ool ol 5 O[O of ol ol o ol ol =1 vl 0] & O o NN} =~ S
N oooooooooooooooo,ooDoowcli — | ,.|.m
WoNoloooooooolooIOJooooo_oﬂLlLlo«,}ouaZ...o. mm
u | 5§
(N K2 oo___,__,_.___oo.ooo_...olo_ozﬁw M_/L\
op\o..ooououoooooo._o,..On_.__lsz/u.u <,
z%
75350 1o o J4 o ojolol — ojojojojojo oo o o0 O o9 — — SINs| N Y
908 oooooolxotoooogoooo1:n,_oonlonauu .
w 553 5 g o oo o oo oooogddoooddagd o FARI= o~
: B.nOOQOOOooooooLooOooooouJJOLQlla,uu :c_...
g 12 [515]8] s olsl 2l 5] 3l 5881318l 518818] 2] 2|l 2 2R R g
Fs<<<,q.FMﬂh )
Womu,.,%;mmuaﬁuaumﬁwﬁamw.wmmnmm W =
n:nwnnmaummnmﬁmaamuaman?Twueu_
{ * A AR RRFFT R R R wxEFRN ”»




@ﬁofum T Q al o CTV LO_.O1O Vi CHC..\&-M_||l.\.u._.,._TC».u\.Wq-.l..m.w&..u/
,m..w Qu. O‘ﬂ.m,. Q) Oyfw ..no_ oMuMu _LTLlo.M--Hlu,ﬂc__oILli TL,-W .fj.yﬂu
EUEREEEERRERDRINY T? g5 oo 59 - TR E Teha
3 Jol el i sral Lr RS R = ASES
2791 3 v i -1 @j.cﬂ, lT L;l..i. LLOWA.L .ﬁp;/rﬂﬁ
ERERRBDEERE RENENE FRE T;ﬂ,;cm H_Iu._,., NI
F91] o o] 2 O] O] & o] 0 0] 8l o 9] O 3 O J] O 811 L O] ‘_\ S NNy
FINS[S| | o] —| o] - - omokﬁooﬂ_ﬂx,&g-_u_f - L;HJM.},...,.
RN EEEERE RN EEEEERDE |txxw,.uﬁ...u.v.._ll S
T332 =6 J ol o 4 9o <[ - | <l d4=19] -| 4 0] -| |~ -[~-[drloNe
| L ] | | R
ST o] o] of 9 ol o ¢! o] o Luoccw’oLYoocc»_c_lo = T L SlR(A
N 1 C
T d < ol q] ol o o o] ¢l of o,o%oWooo.c NN EEERE SR
7087 SEEEEEEEEEREREEERRER R EREENNSE
247NN NN (M( ol olelog e IM(_ Ll CH/ AR ~f =~ =il N
w_n‘lcoooow%o;ooo_.l o o[ o ol al o] 9] A 3[ o T3] TN T
€11 G 0] 0] 9! o] 9] 3] o] o] 0] ol o] o] ol o] of o] o %] 621 Gi ¢ =] -  ~[sxl
owﬂooo_oﬂouoooﬁo_ﬁi SERRENERE | ol o N @
2B el el ol o] of = o[ of of o[ o =I'o] Tl o[ o[ /o ui ol ol el
< [¥TET I ol of of o] ol i of of ol of - ocooL.oo_c‘d‘_}-n\ﬁglwa/nw
ST o of of o[ o] of o] o of of of Jcf -Tol - o] o] y] 5 Q o {mlaal3
w:ﬂf.ooloooooo,ic -l 4ol o of -1 - TR
% [BOFT G ol o | = 9 of o o] of o o] o -T ol o[ o] o[ 2 ® ol oF 4 of d9lSWR
NEAREDEEEEEEBEER ol ¢l of of of 4 o) ol of o - Henlx
cf o] of of of 2l <] of of of of of o] ¢ of of U] of o] of Q| o o] 4 o] wiakls
T of of of | of 4 H of of of of 0] O] vjolo]el9] - o O 4 - 4~ T
B 66l o] of o] 6] ol Ja] -] o] ol ol o 0] 0l | = o] = - A A 4= 3
LT ol of o st e ool ]t L Q[ [Q] ~| ~ - - BN
_qﬁoooooooooooooogﬁoo.ooo O D! 0] ol o] ojdRl®
Y —-
IRk EEE BB EEEE e R R R A
LR 3 R R E R e R A s e T =  ml e o T
el S i M B B B M M B R e _unimma ot me?
» "EEAE R R B B N X R Ry >
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FIGURE 5-15. RAW DATA SHEET - SAMPLE F, AUTOMATIC EDDY CURRENT

BOLT HOLE SCANS
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FIGURE 5-16. RAW DATA SHEET = SAMPLE | . ULTRASONIC SHEAR
WAVE SCANS  (Continued)
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FACILITY EVALUATION

6.

Setup Location

DATE

Ambient Conditions

Light and Noise Level

Ancilloi ; Equipment Evoluation

Description of Inspection Area

NCO In Charge: Communicotions or Discussions

FIGURE 5-17
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DAILY LOG

TECHNICIAN NO, SPECIMENS INSPECTED

DATE

WEATHER

SPECIAL CONDITIONS

INSTRUMENTATION OPERATIONS

TECHNICIAN EVALUATION

1. 7.
2. 8.
3. 9.
4. 10.
5. n.
6. 12. .
COMMENTS
FIGURE 5-18
5-52



Page 1 of 2 E
_ !
TECHNICIAN PROFILE FORM {
P 1. Assigned A/F Identification No. !
2. Dote %
3. Job Title/AFSC
i
4, Educetion: {
Grade School-High School: No. of Years Graduate g
b |
2 College: No. Years Graduate Major I
. |
1 NDI Training Dates (Mo.-Yr.) No. Hours ?
5. NDI Experience:
‘, (A) How Long have you been in NDI? Yrs, Mths,
(B) How many inspections per month do you perform on Engine Parts (E) ond Aircraft
Structure (A/C)?
! Ultrasonic: (E) (A/C) ; Eddy Current (Surface Probe): (E)
’ (A/C) ; Eddy Current (Bolt Hole Probe-Manual): (E) (A/C) ;
Eddy Current (Bolt Hole Probe-Automatic): (E) (A/C) ;
Penetrant: (E) (A/C) ; X-ray: (E) (A/Q)
: 6. Job History (Start with most recent job ond work backward - Estimate dates if actual
g dates unknown)
1
(A} From To Job Title
(Brief Description)

FIGURE 5-19
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TECHNICIAN PROFILE FORM

Page 2 of 2
~ (B) From To Job Title
(Brief Description)
(C) From To Job Title
; (Briet Description)
(D) From To Job Title
(Brief Description)
{€) From To Job Title
(Brief Description)
7. Physical Date
Height Weight Age Sex M F
Married Single
Wear Glosses?
Physical Limitations
{Describe)

FIGURE 5-19 (Continued)
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EQUIPMENT PERFORMANCE CHECK i
X-RAY I
(1) Air Force Base :
() Stepwedge No. () Date (4) Lodkheed Rep/AF NDI Technical ID No.
(5) Equipment/Material Used: .
X-ray Equip. Mfg. Mode! Serial No.
Film Mfg. Type Backing
Developer Test Strip Mfg. Type g
Chemicel M Type
emicels My type ;
Developer L
Stop Bath i%
Fixer t
Hypo Eliminator ;
Wetting Agent E
(6) Techniques Parameters: E
b
FFD KV MA Time E
Process: Hand Automatic lﬁ
3
‘f (7) Processing Information: lt
1
Hand Automatic
{
Developer  Time _Temp Mfg - Model — '
Stop Bath  Time Temp Seriai No.
. tixer Time Temp Time Temp.___
I i
1 Hypo Eliminator Typt _
: Wash Time Temp :
Wetting Agent Type
i FIGURE 5-20 ,
: 5-55 a
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EQUIPMENT PERFORMANCE CHECK - X-RAY Page 2 of 2

e b o e o e e e
L B it

(8) Instructions:

() (@) X-rayStepwedge using Two Kcdak Type M Film - One Exposure

o st e o o a1
1 b
il i v -

() (b) Repeat (a) for Twice the Expasure Time

() (c) Develop the Two No. 2" Films at the A/F site

( } (d) Develop one test strip ot the A/F site

() (e) Return the two undeveloped No. 1* films to Lockheed for developing

* No. 1 film next to Stepwedge; No. 2 film double looded

(%) Comments:

FIGURE 5-20 (Continued)
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EQUIPMENT PERTORMANCE CHECK
FLUORESCENT PENETRANT

(1) Air Force Base

H
Z) Date (3) Lockheed Rep/AF NDI Technician ID No. fg
¥—".i
z?
(4) Equipment/Materials Used: TYPE GROUP é

Commercial Designation
Material Manutacturer or Trade Name

I 4

Penetrant

Developer

Ty PR
e A 6 . L

Cleaner

LR

(5) Method of Application:

& o

o
i

il

(6) Dwell Times: Material Time

»

L

Penetrant

SR
s v

Developer

(7) Comments:
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FIGURE 5-20
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tQUIPMENT PERFORMANCE CHECK
EDDY CURRENT

=il

(1) Air Force Base

(2) Calibration Std. 1D No. | (3) Date | (4) Lockheed Rep/AF NDI Technician ID No.

Y et I it 7] 4

(5) Equipment/Materials Used: ( ) Surface Probe ( ) Bolt Hole Probe

( ) Automatic Belt Hole Probe

- Instrument Mig. Model Serial No. _

§ Tronsducer Mfg. Mode| Stock No.

. i (6) Equipment Settings: ) B -

Balance Lift-off/Freq.  Range

! {For Autorwmatic) Strip Chart Speed Probe Rotation

Speed Probe Advance for Revolution

g - - - _
(7) No. Microvolts Deflection using Calibration Stc', L

‘ (8) Comments:

g

FIGURE 5-22
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Page 1 of 2
EQUIPMENT PERFORMANCE CHECK 5
ULTRASONIC
(1) Air Force Base
(2) Date (3) Lockheed Rep/Inspector iD No. (A/F) |:
(4) Equipment/Material Used: %
Mfg . Mode | Serial No. {!
i
; Tronsducer (Freq., Angle, Size, Mfg. and Serial No. {
Type & Length of Cable "
(5) Inspection Procedure ldentification P
(9) Equipment Settings:
i
i Horizontel {f
Coarse Sweep (Rarge/Multiplier Cocrse Gain (Amplif) ’L
Fine Sweep (Vernier Fine Gain (Vernier) :
Delay Zero Suppression :’i
(Reject) L
Pulse Length {F
Pulse Tuning 5
Frequency
(7) Linearity:
Horizonta!, Inter=Echo Spacing 1-2 % Full Scale !
Lockheed 2-3
Block [
i
Vertical Echo Height No. 3 (13) % Full Scale |
, Blozks No. 8 (90)
4 *Initiol Gain Setting




EQUIPMENT PERFORMANCE CHECK (continued) - ULTRAS ONIC

Page 2 of 2

(8) Transducer (Angle Beam):

Make and Serial No,

Beam Exit Error Inches
Beam Angle Degrees
(9 Comments:

FIGURE 5-23 (Continued)
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NONDES TRUCTIVE INSPECTION DATA
ULTRASONIC

(1) Air Force Base

(2) Assigned AF NDI Technician 1D No. (3) Date (4) Sample Identification

(5) Equipment/Material Used:

Ultrosonic Inst. Mfg. Model Serial No.

Model Serial No.
Transducer Mfg. Mode! Serial No.
Freq. Angle Size Couplant

(6) Inspection Procedure ldentification:

Calibration Std. ID No.

(7} Equipment Colibration Settings:

Sweep Pulse Length Frequency
| B Reiéct ' Test Mode Pulse Echo
Sensitivity Damping

Other (Record under Comments)

(8) Inspection Start/Stop Times (Date if after ltem 3 Date)
Start Stop Start Stop

(9 Inspector Comments (Equipment Adjustments, Inspection Procedure Variations, Other
Comments)

FIGURE 5-24
§5-61




NONDESTRUCTIVE INSPECTION DATA
FLUORESCENT PENETRANT

Air Force Base

Assigned A/F NDI TachnicianID No.| (3) Date [(4) Somple No.

Equipment/Material Used:

Penstrant Type ' ' | Group
Commercial Designation
Material Manufacturer or Trade Nome
Penctrant
_Developer _
Cleaner

Inspection Procedure ldentification:

7)

Method of Applicotion:

Dwell Times:

Penetrant Developer

(8)

Inspection Start/Stop Times (Date if after ltem 3 date):

Stort S top Start Stop

FIGURE 5-25
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NONDLES TRUCTIVE INSPECTION DATA - FLUORESCENT PENETRANT

Page 2 of 2

e

(9 Inspector's Comments: (Material /Equipment Adjustments, Inspection Procedure
Variations, Other Comments)

FIGURE 5-25 (Continued)
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Page 1 of 2

NONDES TRUCTIVE INSPECTION DATA
RADIOGRAPHIC (X-RAY)

M

Air Force Basc

@)

Assigned A/F MDI Technician |D No.| 3) Date (4) Sample ldentification

()

Equipment/Moatericls Used:

X-Ray Equip. Mfg. Model Serial No.

Film Mfg. Loading: () Single () Double
Film Type: No. 1 (next to sample) ; No. 2 Pack Size

Screens Backing

(6)

laspection Precedure Identification

@)

Technique Parameters:

FFD/Tube to Aiming Foint KV MA Time Min,
 Automatic Process: Hand Process:
Developer Temp Developer Time Temp
Stop Bath Time Temp
Fixer Time Temp

Hypo Eliminator Type

Wash Time Temp

Wetting Agent Type

Density Range in areas to be inspected

(8) Inspection Start/Stop Times (Date if after [tem 3 Date)

Start StoE Start Sfog

FIGURE 5-26
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NONDESTRUCTIVE INSPECTION DATA - RADIOGRAPHIC (X-RAY) Page 2 of 2

(9) inspector Comments: (Equipment Adjustments, lnspection Procedure Variotion,
Other Comments)

FIGURE 5-26 (Continued)
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NONDESTRUCTIVE INSPECTION DATA
EDDY CURRENT (SURFACE PROBE)

(M

Air Force Base

@)

Assigned A/F NDI Technician ID No. | (3) Date | (4) Sample Ident. & Po-ition

( ) Sample A
( ) Sample B, Overhead
( ) Sample B, Below

(5)

Equipment/Material Used:

Stock or
Eddy Current Inst. Mfg. Model Serial No.
Probe Mfg. Model Stock No.

(If shoe, holder, jig or probe fixture is used, describe under "Comments"

)

Inspection Procedure Identification:

Calibration Std. ID No.

@)

Equipment Calibration Settings: ,
Balance : Lift-off /Freq. Range

(8)

Inspection Start/Stop Times (Date if after Item 3 Date)

Start Stop Start Stop

9

Inspector's Comments: (Equipment Adjustment, Inspection Procedure Veriation,
Other Comments)

FIGURE 5-27
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NONDESTRUCTIVE INSPECTION DATA
EDDY CURRENT (BOLT HOLE MANUAL)

(1) Air Force Boze

R) Assigned A/F NDI Technicion ID No. |(3) Date | (4) Semple identification

-
(5) Equipment/Material Used:
Stock or
Eddy Current Inst, Mfg. Mode! Serial No.

Probe Mfg. Mode | Stock No.

®) Inspection Procedure ldentifiection:

Calibration Std. 1D No,

(7} Equipment Colibrotion Settings:

Balance Lift-off /Freq. Range

(8) inspection Start/Stop Times (Date if after Item 3 Date):
Start Stop Start Stop

(9 Inspector's Comments: (Equipment Adjustments, Inspection Procedure Variations,

Qther Comments)

olale by L L

e

FIGURE 5 28
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NONDESTRUCTIVE INSPECTION DATA
EDDY CURRENT (BOLT HOLE AUTOMATIC)

(1) Air Force Base

2) Assigned A/F NDI Technicion ID No.{3) Date | (4) Somple Identification

(5) Equipment/Materials Used:

T

Stock or
tddy Current Inst. Mfg. Model Serial No.
Probe Mfg. Mode! Stock No.
(6) Inspection Procedure ldentification:
Culibration Std. 1D No.

(7) Equipment Calibration Settings:

Bofonce Lift-off/Freq. Range

Strip Chart Speed Probe Rotation Speed

Probe Advance per Revoltion
{8) Inspection Stert/Stop Times (Date if after Item 3 Date)

Stort Stop Start Stop

(9) Inspector's Comments: (Equipment Adjustments, Inspection Procedure Variation,
QOther Comments)

FIGURE 5-29




SECTION VI, PROGRAM ADDITIONS

During the data ocquisition phase of the NDI Reliability Progroam, which lasted for cver two
years, certain newly-developed NODI equipment and speciolly-fabricated test specimens were
added to the program. Automatic eddy current bolt hole inspection was added in December
of 1976 so that compatisons could be made between the newer automotic techniques and the
stondard hand-held eddy current bolt hole technique. A newly developed ultrasonic rotationa!
surfoce scanner was olso added in December of 1976 to meosure the potential improvement in
inspection reliability. Finally, o group of 76 Technician Proficiency Screening Samples
recommended by the Steering Committee in Januory 1977 were added in July of 1977 to deter-
mine if o relatively simple small inspection sample could be used to evaluate or predict
technicion NDI ability on larger more complex structure . The automotic bolt hole technique
wos applied to program Somples D, £, and F ond the ultrasonic instrument was applied to pro-
gram Sample A. Standard manual ultrasonic and eddy current bolt hole NDI techniques were
opplied to the screening somples, designated os a new Sample Group G.

AUTOMATIC EDDY CURRENT BOLT HOLE INSPECTIONS

Two Gulton FD-100 outomatic eddy current bolt hole inspection instruments were obtained
for use in evaluating the automatic bolt hole technique during the on-going NDI Reliobility
Program. The Gulton unit (see Figure 6=1) is composed of the following major assemblies:

A. Motorized Scanner

B. Eddy Current Amplitier

C. Signal Conditioning Circuitry

D. Analog Recorder

€. Scanning Probes and Mounting Hardware

The motorized scanner rotates an eddy current bolt hole probe at a controllable rate from
approximately 10 rpm to 100 rpm. As the probe rotates, it spirals in the forward or reverse
directions. Longitudinal probe travel is 0.025" per revolution, or 40 revolutions per inch.
Probe travel is controllable ond moximum travel is 1-1/2",

During a scan of a fastener hole, the eddy current omplitude output is filtered tc enhanr.e
the flow signal as it is tronsmitted to the analog recorder, As on clternative, the signal con
be viewed on an auxillory oscilloscepe and then, if flaw indications are seen, the signal can
be recorded by the analog recording during anct!er poss of the probe through the hole. The
recorded data can be exomined to detemmine flaw length, depth and width,

A procedure dosument titled " Self Introduction for Automated Eddy Current Scanning System"
and on Operational Supplement to the NDI Reliability Program Technical Manual (see
Appendix A) were prepared for use in implementing this addition. Calibration standords

and two technicion proctice specimens, as shown in Appendix A, were also prepared.
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Figure 6-1. The Guiton Automated Eddy Current Scanning System




The two practice samples were iest panels that were built up and structurally evaluated in
other programs. They wers selected for use in this progrom because of their existing fatigue
crack population and similarity to somples already contained in the program. One was a
spanwise splice test panel and the other was a center wing cap, riser-to-web test panel .
Each was about four feet long and each contained a number of cracked holes. Two standards
were prepared for usz in the progrom. One was o spanwise splice standard and the other was
a cenier wing standard. Each had a 0.030 through Elox slot in one bolt hole.

For each hole in the practice specimans that contained a crack, o copy of the recorded
analog tape was reproduced and printed in the procedure document, along with an explana-
tion of the recording and an interpretation of the recorded signal. Each technician was
allowed to become familiar with the instrument by going through the detailed instrument
setup procedures and working with the practice specimens for as long as necessary. It was
felt that this documentation and practice period was necessary as most of the installations
visited had ot yet received the automatic eddy current equipment.

This automatic eddy current part of thc progrom was initiated in December of 1976 ot Dover
AFB, Delaware. However; some outomatic bolt hole inspections had been accomplished
previously at McClellan in September and October of 1976 using their own equipment (see
Figure 4-3 for bases participating in the various parts of the program).

The automatic eddy current bolt hole program was generally well received by the Air Force
technicians. Most all had heard of the Gulton unit and were interested in having the oppor-

tunity to become familiar with it.

The inspection results acquired with this unit will perhaps improve somewhat as the Air Force
technicians become more familior with the unit, and particularly with the interpretation of
the analog data.

ULTRASONIC ROTATIONAL SCANNER INSPECTIONS

A manual odaptation of the AFML/Boeing ultrasonic rotationel scanner system was developed
at the San Antonio Air Logistics Center for use in the detection of radial cracks arovnd fastener
holes (see Figure 6-2). The system consisted of an ultrasonic instrumentand rotational sconner
assembly that contained two transducers.

The scanner head assembly consisted of (1) three adjustable legs, (2) a centering device for
positioning the transducers around the fastener head, (3) an adjustable transducer holder, and
(4) o transducer assembly. The transducer holder wos adjustable for alignment of the transducer
sound beam to the edge (circumference) of the hole. The holder was adjustable in three
directions; tangential, radial, and angular. These adjustments ollowed the operator to direct
a shear wave to the base of the countersink. The tangential adjustment moved the transducer
ossembly toword and away from the fastener hole. The radial adjustment moved the transducer
assembly to the right or left of the fastener hole. The angle was adjustable using a template

to set it at the desired angle for sound entry into the part. This adjustment, once set, was
fixed ond could not be continuously adjusted in order to maximize the signal response .



TANGEMNTIAL
ADJUSTMENT

HCLE CENTER POSITIONER

[Nomwt)

TRANSDUCER
HOLDING FIXTURE

TRANSDUCER™
ASSEPABLIES

"O” RING PT. NO. NAS1al 1-011
(SUPPLIED WITH SLEEVE)

BOOT WATER
TRANSDUCER

SLEEVE

TRANSDUCER ASSEMBLY

Figure 6-2. Ultrasonic Rotational Scanner
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The transducer assembly consisted of a transducer, a transducer sleeve, water, and o flexible
boot (see Figure 6-2). The transducer assembly screwed into the transducer holder. A water
column, confined by means of the tranzducer, transducer sleeve and flexible boot transmitted
the sound through the rubber boot to the test piece. The instrument utilized with th: manual
scanner head assembly was an Automation Industries UM 775D with a AGIFM Timer and
10NRF-VDB Pulser ‘Receiver.

A detailed proceduie ond an Operational Supplement to the NDI Reliability Program Technical
Manual were proviled for set-up, calibration, and use with the supplied practice samples and
structure Sample A (see Appendix B). A calibrotion standard and practice sumples, as shewn

in Appendix B, were also provided with the scanner head and ultrasonic instrumentation. Both
the standard ond practice samples were pieces of C-130 wing box. The standard has one
fastener removed and a sawcut made in that fastener hole for calibration purposec. The prac-
tice samples were selected for their crack populaiion and all fasteners were left in the installed
configuration. Technicians were allowed to become familiar with the instrument and work with
the practice samples as long as each felt necessary. After they were familiar with its operation,
cach was assigned to inspect structure Samole A.

Although the inspection technique worked well, when all adjustments were properly made,
much difficulty wos encountered by the technician in getting the rotational scanner properly
adjusted. Unfortunately, most technicians found the task too difficult and did not progress
beyond the practice sample portion of the program, so only four Sample A inspections were
complated. Some of the specific problems encountered were as follows:

Installing water into the transducer-sleeve-boot assembly without trapping air

bubbles.

Adjustment of the holder in the tangential-radiol-angular directions for both
transducers.

Proper adjustment of the three legs so that both boots were in proper contact
on the entire surface as the sconner head was rotated.

Boots coming off during inspection.
Those few with patience did get the instrument set up and operational; however, the inspection

of structure Sample A took considerably ionger with the rotational scanner than by using the
standard hand scan technique.

NDI PROFICIENCY SCREEN!NG SAMPLE PROGRAM

This progrom was designed to determine if it is possible to measure nondestructive inspection
capability using smal! flat panels as testing samples ruther than actual built-up aircraft
structures. The prograr consisted of a technical activity in which flat panels, prepared in the
laboratory with known def‘"ts, were incorporated into the on-going NDI Reliability Program.
These panels, along with tie typical aircroft struciures that already existed in that program,
were inspected in depot and field NDI installations. The NDI reliability data collected using
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the flat panels have been statistically compared o the data collected for the actual structures
to test for significant correlations between the hwo (see Section Xl},

Fabrication of Flat Panels

Seventy-eight specimen blonks nominally two inches by sixteen inches were machined from
0.20 inch thick, bare 7075-T651 aluminum alloy sheet. Each blank was uniquely sericlized
and, as subsequently described, all blanks uitimately contained ten fastener holes to provide
a totol of 780 holes. Faotiguc ciacks were initioted and grown beside a total of 123 hales,

and four different nominal crack length intervals were employed; 0.050"-0,100, 0.,101"-
0.175", 0.176"-0.25C*, ond 0.251"-0,350". Crack length and location were randomly
distributed within three differcnt groups as follows: Fach blonk hoving a serialization prefix
“A" had one crocked hoie, each prefix "B" blank had two crocked holes, and each prefix "C"
bionk hed three crocked holes. A fourth group, "D", either had no crocked holes or had
electrical-discharge-machined (EDM) flaws for use in calibration.

All blenks were profiled from a single skin quolity sheet ond serialized on one end using on
impression stamp. A drill fixture was fabricated having provision to hold the specimen securely
while drilling holes precisely ot the desired locations. Use of the fixture expedited the drilling
operntion as well as assuring likeness of specimens. Each drilling location on the fixture was
numbered and eoch specimen was placed on the fixture with the some orientation with respect
to its seriolization location. Each hole requiring a crack was then pilot drilled to 7/64-inch

diometer while the remaining hole positions were not drilled to prevent the possibility of
generating undesired cracks during fatigue cycling.

8eginning with the "A" specimens requiting only one cracked hole, each specimen was
mounted on a 75, 000-pound capecity MTS closed-loop, electio-hydraulic servo-controlled
testing system equipped with hydroulic self-aligning grips.

With the specimen mounted in the testing machine at zero load, o starter flaw was cut on the
hole wall. A thru flaw of approximately 0.02-inch in length was introduced so that during
final reaming, the starter flaw could be cempletely removed. A jewelers saw was used to
make the cut and core was taken to assure thru-the-thickness symmetry. The natural creck
was initioted and grown using a maximum for field stress of 5.0 ksi, o stress rativ (R) of 40.1,
and a cyclic frequency of 10 Hz. This selection produced a cruck that had the desired visual
obscureness with respect to crack path plasticity and did so in a reasonable number of cycles.
Crack growth was monitored using, @ high intensity light and a thirty~power binocular micro-
scope. Cycling was stopped when the crack reached o predetermined length which would pro-
vide the destiud flaw size after final ream. Accurote records were kept on the number of
cycles required for crack initiation and total cycles required to attain each desired length as
exhihited in Figure 6-3. The cycle initiation data generally represent cycles reGuired to
produce a natural crack approximately 0.010 inch long.

Douta acquired from the single flow specimens were used to establish procedures for the multiple
flaw specimens requiring different flaw sizes in the some specimen. For these cuases, o starter
flaw was first niade for the longest desived crack. After a predetermined number of cycles,
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All Fatigue Cycling as Follows:

Max Stress = 15.0 KSI
Stress Ratio (R) = 10,1
Frequency = 10 Hz
Environment = Room Air
Specimen Position Cycles to Total
Number Number (nitiation Cycles
Al 4 4000 23000
A2 1 3500 14000
A3 b 3500 19000
Ad 9 4500 24000
A5 6 3000 16900
Ab 1 3000 16000
A7 1 4000 16500
A8 9 4000 24000
A9 0 2000 25500
A0 2 4000 23000
All 9 3000 11000
A12 0 3000 16000
Al3 7 3000 21000
Al4 3 3000 11000
Al5 3 3000 24000
Al 8 3000 13000
Al7 6 2500 25000
A8 7 3000 22000
Al19 2 3000 11000
A20 0 3000 21000
A2} 3 3000 12000
A22 2 3000 23500
A23 4 4000 28000
A24 0 3500 17500
A25 5 4000 21000
A26 2 3500 29000
A27 8 3500 24000
B1 3 3000 19000
6 3000 16000
B2 3 4000 11000
4 3000 19000
B3 9 3000 18000
2 3500 18000

Figure 6-3., NDI Specimen Fatigue History
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Specimen Position Cycles to Total
Number Number Initiotion Excles
B4 0 3000 12000
3 3000 19000
BS 7 3000 19000
9 4000 12000
BS 4 3500 15000
2 3000 18000
87 0 5000 13000
7 3000 23000
B8 | 3000 1900C
3 3000 16000
BY 9 3000 16500
3 3500 16500
B10 6 4500 18000
1 3500 22000
B11 4 3000 21000
8 3000 21000
B12 1 3000 16000
6 3000 22000
B13 4 3000 20000
7 3500 23000
B14 2 3000 13000
0 3000 24000
B15 7 4000 18000 =
0 3000 24000
B16 3 3000 25000 §
9 300C 19000 E
B17 6 4000 24000 ;
0 3000 24000 2
B18 6 3000 11000 £
3 4000 22000 £
B19 7 3500 10500 E
Y 3000 18500
B20 3 3000 17000 "
! 4000 14000 i3
B21 7 3000 23000 E
] 4000 25000 %
B22 3 3000 24000 b
| 3000 18000 3
B23 6 3500 13000
4 3000 24000

Figure 6-3. NDI Specimen Fatigue History (Cont'd)
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Specimen Position Cycles to Total

Number Number Initiation Cycles
B24 2 3000 11000
9 3000 19000

B25 5 3000 15000
' 6 3000 26000
B26 5 3000 15000
3 3000 15000

B27 0 3000 19000
2 3500 21000

B28 5 3500 12000
9 3000 23000

B29 0 3000 11000
3 3000 14000

B30 6 3000 14000
0 3000 17000

831 2 3000 15000
0 3000 19000

B32 4 3000 20000
2 3500 23000

833 0 3500 18000
7 3500 15000

Cl 7 4000 19000
2 3000 19000

5 3000 22000

C2 3 3000 15000
9 3000 22000

0 3000 15000

C3 6 3000 23000
2 3500 16000

5 3000 16000

C4 2 3000 17000
8 3500 17000

5 3500 20000

C5 4 3000 25000
J 3500 22000

6 300C 16000

Cé 1 3500 18000
3 2000 18000

5 3500 25000

Figure 6-3. NDI Specimen Fatigue History (Cont'd)
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Specimen Position Cycles to Totol
N—l_J’ﬂ“b?L Number lnitiation Cxcles
Cc7 6 3000 21000
9 3500 18000
4 3000 23000
c8 9 3000 24000
0 3500 19000
2 4000 21000
ce ! 3000 16000
7 3500 25000
8 3000 26000
c1o 0 3000 26000
2 3500 25000
1 3000 26000

A i B Gl il

3
]

Figure 6-3. NDI © ecimen Fatigue History (Cont'd)
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the next starter flaw wos cut and so on. The result was different numbers of cycles applied
to each starter flaw and different final crack lengths on the same specimen., For example,
in Specimen B-20 in Figure 6-3, the starter flaw was cut at position 3 first. After 3000
cycles, a starter flaw was cut ot position 1. The result was two different final crack lengths
as shown in Figure 6~4,

After.all specimens were cracked, each was again placed in the drill fixture and the remaining
hole positions were piloted to 7/64 inch diameter. The specimens were then given an indepen-
dent visual inspection to verify crack locations and lengths. Specimen serialization was then
masked with lcad tape and all surfaces were primed with epoxy and given a polyurethane top-
coat. All holes were drilled to 11/64 inch diometer, reamed to 0,191 inch, ond countersunk
for 100 degree 3/16 inch flush head Hiloks. A detailed specimen drawing and condensed
fabrication sequence are presented in Figure 6-5.

After final preparation each flow location was checked to confimi that the flaw could not be
detected with the unaided eye. All row data were then reduced ro yield the crack growth
history data in Figure 6-3 and the crack length/location data in Figure 6-4. The dota are
referenced to o specimen orizntaticn with *he countersinks facing upward and the stamped
identifications on the right-hand end. Fatigue history is provided in Figure 6-3. Surface
roughness of both bare metal ond epoxy primed, polyurethane final coated panels does not
exceed 64 RMS finish.

Data sheets for technician reporting of inspection results were designed for graphic depiction
of fatigue cracks. Figure 6-6 shows a blank data form, the format being consistent with those
used on the basic reliobility progrom. Grading of data sheets were accomplished at Lockheed-

Georgia using the tally sheet format shown in Figure 6-7.

NlDl Procedures

ND1 procedures commensurate with the =36 manual format and content were developed for
ultrasonic shear wave and eddy current bolt hole operations on the screening sample panels.
These procedures are atteched as Appendix C. Ultrasonic shear wave scans were accomplished
with countersink fasteners in-place and eddy current bolt hole scans accomplished with fasteners

removed .

Validation of Procedures and Test Results

Procedures were validated by engineering personnel before assignment to technicions in the
field ond depot environment. Eddy current bolt hole scans produced significant indications
on all cataloged fatigue cracks. No ombiguous indications were evidenced from non-flawed
holes, -due to the high quality surface condition of the hole walls.

I'ltrasonic NDI validation was conducted in detail with relative echo signal amplitude read-
ings taken on each fatigue crack. Instrument operation daota are given in Figure 6-8 and
results are provided in Figure 6-9. The procedure calls for the instrument gain setting to 80
percent of full screen height on the echo obtained from o second reflection bounce(l) from a
0.05" comer slot echo (see Figure 3, page 7 of Appendix C). This setting provided a low
level response from fatigue cracks in the 0.05" to 0.12" length range using a direct shot at

(1) The second reflection was specified to keep the tronsducer face off the fastener head
which con protrude slightly and decouple the ultrasonic energy path.
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SPECIMEN CONFIGUPRATION

—_——A 16.0 Ve 01 (0,20
' I (NOM.)
SRAIN -+ + 4+ o+ o+ |
e — 2.0
P
gt t 0.371vP i
_—
/HOLE 1.00 -‘—--L*L 1.00

aorLaces) TP ¢ (TYP)

FABRICATION SEQQUENCE

‘ T

1) Sheor Oversize Blonks

L
2) Profile Blanks to Above Dimensions &
2) ldentify Specimens Using Metal Stomp %

4) Pilot Drill, 7/64-Dio., All Holes Requiring Crocks

5) Cut Starter Flaws (thru flaw approx. 0.02-inch) Using Jewelers Saw ;;
6) Fatigue Cycle Until Crack Initiates ond Reaches Desired Length E
7) Pilot Remaining Hole Locations, 7/64-Dia. é
8) Mask Specimen Identification Using Leod Tape lé
9) Prime All Surfaces with Epoxy Plus One Coat Folyurethano é
10) Drill All Holes 11/64 Dia. H
11) Reom all Holes 0.191 1ncn E
12) Countersink for 100-Degree 3/16-Inch Flush Head Hiiok {%
g

Figure 6-5, Specimen Configuration and fabrication Sequence E




Base .

Yechnician

SAMPLES G1-GT0

e ——

Ultrsson
Eddy Curren

o

o
i
a.
=
4
<
tad

Sample |ID

Crack Marker

T 1
TR | | T T £ 1 1 I O
oolloollcollcoloolloo|ooloo||colooouv|oe
00||0o|loo|lec |00l eo calloo/loolooleoloo
0o lloolloolloo||co|collocl|oo|eoleojoe| o
oolloolloolloc|ool|loo!loolco|co|co|eeloo
0olleolloo| ool 0co|co|loo||co| ool co|ooled
D i | | | | | | | |l

volloolloo||loo|ooloo| ool ooloe|ocol|ecel oo
0olloolloollesl|looclco|oco|lool el ceieol|oe
oo|loolloo|collooloo| ool ool ool col|lee|eo
collool|loollooloo|loo| ool ocoloo|ee| ool
oollool|loe|loo|looloc|oe|oo|anlos|eoles

L 5 _

Figure 6-6. Row Data Form for Graphic Depiction of Flaw Locations of Flat Panels
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K|
PROFICIENCY SCREENING SAMPLES g
TOTAL £
[TEST SITE CLASS CLASS OPPORTUNITIES FINDS MISSES
I NSPECTOR PROFIC . LEVEL | 32 f
STRUCTURAL TYPE f 29
HNSPECTION TYPE _ i 30
TEST SITE o v 32
TECHNICIAN H
NDI METHOD FLAW CLASS | i T\ 3
FALSE ALARMS FLAW SIZE  .050 .101 176 .250 T
RANGE 100 175 250 .350 | i
E
SPECIMEN/HOLE FLAW FIND | MISS | SPECIMEN/HOLE | FLAW | FIND j MISS E
INO, SIZE NO. SIZE :
Al /4 H B1/3 i !
A2/ I B1/6 I
A3/6 f 82/3 |
A4/9 11 B2/4 I
A5/6 | B3/9 1" 2
A6/ I B3/2 "
A7/ 1! B4/0 ! :
AB/9 v B4/3 I 3
A%/0 v B5/7 i
A10/2 | B5/9 | |
A11/9 1 B&/2 I 1
A12/0 I BS/4 I |
A13/7 " B7/0 | i
A14/3 | B7/7 1 ]
A'5/3 v B8/ i {
A16/8 | B8/3 I {
A17/6 v 09/3 " :
A8/ " B9/9 " !
A19/2 | B10/6 I f
A20/0 " 810/1 in t
A21/3 | B11/4 v g
A22/2 v BIN/. v i
A23/4 \Y B12/1 1] !
A24/0 I B12/6 v !
A25/5 imn B13/4 v {
A26/2 Iv B13/7 1
A27/1 v B14/2 f ;

Figure 6-7. Tally Sheet for Grading NDI Response on Flat Panels



PROFICIENCY SCREENING SAMPLES

SPECIMEN/HOLE FLAW | FIND | MISS | SPECIMEN/HOLE FLAW | FIND | MISS
NO. SIZE NO. SIZE
B14/0 v c\/7 |
815/0 v C1/2 "
B15/7 I ci/5 "
B16/3 v C2/3 I
B16/9 " c2/9 i
B17/6 v C2/0 !
817/0 v C3/6 i
B18/6 | C3/2 )
818/2 v C3/5 |
BY9/7 i C4/? I
B19/9 i C4/8 "
820/3 i C4/5 1
820/1 | C5/4 v
821/ v C5/3 i
822/3 i C5/64 I
822/1 ] Cé/) I
B23/6 I Cé/3 I
B23/4 v Cé/5 1
B24/2 I C7/6 i
B24/9 mn C7/9 n
BZ5/5 i C7/4 WV
B25/6 Y, C8/9 v
B26/5 i C8/0 i
B26/3 H C8/? 1)
8270 1] C9/1 |
827/2 v c9/7 RY;
B28/5 I .9/8 "
828/9 v C10/0 v
B29/0 i Cc10/2 v
829/3 I c10/) v
B30/6 !
B30/0 n
B31/0 n
B31/2 |
832/2 Y
B32/4 f
833/0 v
833/7 {

Figure 6-7. Tally Sheet for Grading NDI Response on Flat Panels (Cont'd)
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NONDES TRUCTIVE INSPECTION DATA
ULTRASONIC

(1) Air Force Baw
N/A

(2) Assigned AF NDI Technicion ID No. (3) Date (4) Somple ldentification

Sproat 7/19/77 | Technicion Screening Samples
(5) Equipment/Material Used:
Ultrasonic Inst. Mfg,  Automation Model UJ Serial No, 10640-7
Model Serial No.
Transducer M ). Actomaticn M>del 57A3065_ Serial No. 27146
Freq.5.0 MHz Angle  60°A Size 1/4" Sq.  Couplant Light Qil

(6) Inspection Procedyre identificotion:

Colibration Std, 1D No.

S

7) Equipment Calibrotion Settings:

Sweep 0.5-5 Pulse Length 10° CW Frequency 5.0 MHz
Video Filter Pos. 4 Reject  OFF Test Mode Pulse Echo
20db Toggle Sensitivity 14db (-1 Toggle) Damping None

.75 KHz Repetition Rate

Other (Record under Comments)

(8) Inspection Start/Stop Times (Date if ofter Item 3 Date)
Start Stop Stort Stop

(9) Inspector Cormments (Equipment Adjustments, Inspection Procedure Variations, Other
Comments)

Figure 6-8. Ultrasonic Instrument Settings for Flow Echo Amplitude Readings
6-19
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the flow and an unreliable test with a second reflection bounce. No additional gain was
called for in spite of this problem because of the prohibitive baseline noise level observed
with added gain. The adjustments to obtain 80 percent of full screen height on the cracks,
as presented in Figure 6-9, are listed as positive values where added gain was required to
bring the signal up to the 0.05" corner slot reference level. Negative values indicate the

converse; reduced gain requirements to obtain 80 percent of full screen height on larger
flaws.

A bare (unpainted) reference pane! with the 0.05" (0.003" width) EDM corner slot was used
as the ultrasonic inctrument gain reference. Scheduling constraints precluded its being
placed into the painting sequence applied to the rest of the panels. A plot of relative gain
versus crack length in Figure 6-10 reveals the combined effect of paint and the difference
between on EDM slot and actual fatigue cracks. Cracks in the 0.05" to 0.08" length range
requite trom 2 to 10 db additional gain to obtain a signal height equivalent to the 0,05"
EDM slot. The plot ais> reveals a good deal of scatter, especiolly for flaw lengths greater
than the panel thickness of 0.20". Points are not plotted for those readings accompanied by
an osierisk in Figure 6-9, since they are for direct shots at the tlow,

Noise amplitude measurements were made at random locations on the panels near holes with-
out flows. In all cases, the noise amplitude did not exceed 10 percent of full screen height

or 12.5 percent of the 0.05" EDM echo reference level ,

Nondestructive Inspecticn of Flat Panels

These specimens were incorporated into the NDI Reliability Program at Tinker Air Force
Bose, Midwest City, Oklohomo, in July 1977, and inspection data were obtained there and
also ot the remaining bases in the program consisting of MacDill Air Force Base, Robins Air
Force Base, Charleston Air Force Bo:e, and Shaw Air Force Base. Technicians found these
specimens to be an easy and straightforward inspection task. Their only complaint was the
fact that there ware so many specimens to be inspected.

A total of 25 ultrasonic and eddy current inspections were accomplished during the program,
Inspection results and comparisons of results with doto obtained from the inspection of other
progrom structure samples can be found in Section XI.

Since flaw lengths were accurately made and measured when these specimens were con-
structed, they were not destroyed to obtain flaw length measurements as was necessary with
the aircraft structural samples,
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SECTION VII. TEARDOWN EVALUATION

The purpose of the teardown examination of the structure samples used in this progrom
was to accurately determine and fully characterize their flaw content, Flaw indications
were initinlly catalogued and length estimates made in the planning phase of the program
b, coreful visua! and eddy current examingtion. The teardown inspection provided the
following additional information:

o) direct measurement of identified flaws

b) confimgtion of flaw existence at locations which exhibited high
incidences of "false calls"

c) discovery of additional flaws, unknown in the planning phase
d) elimination from the list of flaws, those sites which exhibited NDI

indicctions but contained no actual flaws

The sequence of tasks which composed the complete teardown examination are detailzd
in the following sections ond are schematically presented in Figures 7-1A & 7-18.
Chemtcal processing of surfaces to enhance detection was applied to all samples. The
composition and application data for the chemical ogents are provided in Figure 7-2.

Initial Preparation

Structure somples, Type C, were excluded from teardown because they were machine
grown fatigue cracks under closely controiled conditions. The size and shope of those
flaws are therefore known with sufficient detail for anolyses. Structure Somples A, B,

E ond F were totally disassembled. The Sample A portion was cut from the intact wing
box, rivets sheared off ot the buck tail and skins removed from stringers in three pieces.
Sample B wos treaied in the some manner but no initial cutting wos required due to their
size. Somple D required no disassembly and Sample E breakdown was achieved by un-
bolting the cracked fittings from the dummy cover plates, Somple F sections were cut from
the total box beam and separated into spar caps, webs and web stiffeners. Point was
romoved from all structure samples with Turco 5212 paint stripper. After stripping, the
samples were cleaned in on alkaline solution, water rinsed, dipped in an acid neutralizing
bath, water flushed ond oven dried. Photos of the samples after the cleon aond acid dip
operations are presented in Figures 7-3A - 7-3E.

Fluorescent penetrant inspections were performed on the samples with Magnoflux ZL-22A
penetrant, emulsified with ZR-10A, water washed, air dried and developed with Magnaflux
ZP-13A, The penetrant inspections were conducted by Lockheed-Georgia Quality
Assurance Laboratory personnel. Flaw indications were red marker identified on the pieces
at all suspect locations. Somples A and B were also inspected further with o special auto-
matic eddy current surface scanning device, developed ot Sacromento ALC. Results of the
penetrant and special eddy current scans, cleng with high incidence of "false calls"
derived from the field data, weie added to the list of flaw suspect locations,
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LAYOUT AND IDENTIFICATIONN FOR SECTIONING

PHOTOGRAPH 2

SECTION IINTO iNDIVIDUAL LABORATORY SPECIMENS 3

CLEAN WITH MILD ALKALINE SOLUTION FOLLOWED BY ULTRASONIC/ACETONE CLEAN L
SAMPLES A, B &F SAMPLE D SAMPLE E
(WITH ANODIZE) (WITHOUT ANODIZE AND ETCHED) (WITHOUT ANODIZE)
FINAL SEQUENCE | FINAL SFQUENCE FINAL SEQUENCE

Figure 7-1A. Schematic of Teardown Inspection, Initial Sequence
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FINAL SEQUENCE FINAL SEQUENCE FINAL SEQUENCE g
A, B&F
SAMPLES SAMPLE D SAMPLE E
! IR v S
g STRIP ANODIZE LAYER EDDY CURRENT BOLT HOLE EDDY CURRENT BOLT o
SEARCH; YIELDED ONE SUS- HOLE SEARCH; SCRIBE -
‘ SPECT THAT WAS A GOUGE INDICATION LOCA-
MICROSCOPIC TIONS ON SPECIMENS t
EXAMINATION { I
OPEN AT CATALOGUED 4 I
¢ SUSPECT LOCATIONS ALKALINE ETCH AND
OPEN CRACKS DESMUT
A \
NO PREEXISTENT CRACKS J 1
ALKALINE "TCH AND MICROSCOPIC
DESMUT EXAMINATION ]
| i
MICROSCOPIC EXAM- OPEN CRACKS
INATION
FLUORESCENT PENE-
OFEN ZRACKS TRANT INSPECT UNDER
' A BINOCULAR !
‘ MICROSCOPE; NO
DEFORM TO PLACE FAY CRACK INDICATIONS ;
SURFACE IN TENSION | %
(WEB ONLY IN F)
OPEN SPECIMENS AT
THE SCRIBED EDDY

MICROSCOPIC EXAMINA- CURRENT LOCATIONS
TION 1 !
1 MEASURE CRACKS

OPEMN CRACKS

|

CONFIRM IF CRACKS WERE
PREEXISTENT

MEASURE CRACKS

Figure 7-1B. Schematic of Teardewn inspection, Final Sequence
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___PROCESS

__COMPOSITION

Paint Strip
Alkaline Clean

Acid Dip

Anodize Steip

Alkaline Etch

Desmut

Turco 5212 Stripper

5-6% Altrex in H20 (by volume)

} (by weight)

Qs
25% H2 SO4

5% NOZCr207

70 H,0
13.59 H,PO
10g €10,
3.9% NaOH in

o/,
4.0% NOCSHBNOA 2

(Sodiurn Gluconate)

{(Some as Acid Dip)

it 0 RUIEEN R RC IO LU LRI, .

4} (water to make 500 ml)

H O}(by volume)

APPLICATION
TIME TEMPERATURE
? his. Room

10 min. 160-180°F
10 min. 145-160°F

6-15 min. Boiling

8-16 min. 100-120°F

10 sec. Room

Figure 7-2. Chemical Treatment Process Details
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Total Metal Removal by all Piocesses Combined hunges from 0,0005* to 0.0010"
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Destructive Inspection

The identification number of each flaw was Vibrotool engraved on the samples next to eoch
fastener hole where there was an identified suspect flaw. Orientation around these fastener
holes was maintained by a punch mark at the 12 o'clock position as defined by draw ings of

the samples. The samples were then marked with lines for saw-cutting into smaller laboratory

specimens. The samples were photogrophed und subsequently saw~cut. Most of the saw-cut
specimens were approximately | to 2-inch square and contained one suspect flawed tastener

hole. lhe remaining ones were larger with obvious flaws, some of which encompassed more
than one fastener hole.

The laboratory specimens were cleaned in o mild alkaline solution, including test tube brush
cleaning of hole walls, followed by submersion in an ultrasonic cleaner containing acetone .
Initial inspection with a binocular microscope using up to 30X magnification detected some
of the flaws which were subsequently opened. The remaining uropened specimens were
further processed and inspected for flows. Those specimens from Samples A, B ond F had
their anodize layer intact while the onodize layer from Samples D and € had been previously
removed prior to incorporation into this program. The specimens from Somple D exhibited
consicerable pitting which apparently was the result of etching prior to incorporation into
the program. Consequently, specimens from A, B ond F received different laboratory in~
spection processing than specimens from D & E. The finol inspection step in each specimen
group was to inspect for and record hole wall conditicns wlich moy be correlated to "false
call" indications.

Specimens cut from A, B and F were stripped of their anodize coating and examined micro-
scopically. Those with confirmed flows were opened. Those which remained unopened
were alkaline ctched, desmitted and reinspected with a binocular microscope. Those
which now exhibited flaws were opened. The remaining unopened specimens were slightly
deformed by placing the fay surface in tension in order to partially open any crack. These
were reinspected under a binocular microscope. Those which exhibited cracks were opened
ond those which did not were classified as not being cracked.

Eddy current bolt hole scans to pinpoint crack positions on Sample D specimens yielded only
one strong indication of a flaw, but when opened it was a gouge and not a pre-existent
(fatigue generoted) crack. The remaining specimens were broken open at the catologued
locations of the flaws, but no evidence of pre-existent cracks was observed. The hole wolls
were noticeably pitted as stated above.

The remaining specimens cut from Sample E were examined using both automatic ond monual
eddy current bolt hole scans. Detected flaw locations were scribed on each specimen. Four
specimens were etched and examined using o binocular microscope and fluorescent penetrant

technique. No crack indications were noted. All specimens were then opened ot the scribed

flov: locations. Generally, the condition of all the hole walls was poor.

Flaw size measurements on the larger fatigue cracks, those greater than 0.10" were made
under a binoculor microscope with 30X magnification using a steel scale with 0.01"" length
divisions. Flows shorter than 0,10" were measured with a graticule on a scanning electron
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microscope display. Precision on the optical measurements is + 0,005" with recorded
values rounded-off to the nearest 0.01*. Electron microscopy precision is + 0.0005"

with recorded values rounded-off to the nearest 0.001". Flaw plane angularity with
respect to the hole oxis and the true radial direction were also measured with a protractor
overlay. Categories for recording flaw types, dimensions, and angularity are shown
grophically in Figure 7-4. The destructive maasurements of the catalogued flaws for
strycture somples "A", "B, “E*, and "F" ore provided in Figures 7-5 through 7-11. The
catologued flows for structure somples "C" and "G", whose crack lengths were determined
by visuai measurement during fatigue cycling, are provided in Figures 7-12 and 7-13.

A summary of confirmed flaw size ranges by structure type, along with total number of
inspaction sites and detection opportunities, is presented in Figure 7-14,
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CRACK TYPE CONFIGURATION ANCGULARITY SAMPLE TYPE
i
' e 15
r ny ST 7 °
! b ! ¥ A, B, D
& :
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: b N/
o GYPIOOrd e
3 3
z T - 1 I-q— NO‘ ‘é
(Va)
\ | N §
3 ! , A 8l D is
\ i
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4 ! b L ! i A,B,D,E E
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(. C S 1
5 : S e e O s 1
- _’(T L
& § 0 i T F
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-'J 14 } t i j ‘7
- p = ! '
2|, PR 1T ;
\ C - L I D) |
ANGLE OFF
TRUE RADIAL i

\\/ ' ANGLE OF
o =7 TRUE AXIAL

Figure 7-4. Flow Types and Characteristics for Measurement
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Crack Crock | Crack Length (In. Argg Angulor Deviation (9)
1D No. Type Axial(b) Rod'ia'l('rg x 10 "(In?) Axial(a) | Rodial(B)
A277A 3 .09 N4 88
A3122 3 .09 .09 4
A2132 3 .09 13 79
A3121 3 .09 16 106
A2075 1 .08 14 63
A276B 3 .09 18 124
2080 3 .09 16 106
A2778 3 .09 16 166
A279D 3 .09 A5 97
A2125 3 .09 15 97
A1133 3 .09 16 106
A312A 3 .09 16 106
A2078 3 .09 16 106
A2098 3 .09 19 133
A213] 3 .09 A7 15
A1007 3 .09 18 124
A108A 3 .09 A7 15
A2130 3 .09 .20 142
A310D 3 .09 25 187
A1101 3 .09 A3 79
A276A 3 .09 .20 142
A2818 3 .09 .29 223
A2123 3 .09 23 169
A108C 3 .09 .26 196
A209A 3 .09 .24 178
A3118B 3 .09 25 187
A279A 3 .09 .20 142
A3128 3 .09 26 196
A1088 3 .09 .28 214
A310A 3 .09 25 187
A281A 3 .09 .28 214
A3 A 3 .09 .30 232
A310 B 3 .09 30 232
A2124 3 .09 31 241 20
A2020 3 .09 .38 304 20
A1048 3 .09 45 367
A106 A 3 .09 .46 376
A104 A 3 .09 .52 430
A105A 3 .09 .52 430
A1068 3 .09 .60 502
A1058 3 .09 .66 556
A104C 3 09 |1.05 952

*Flow damoged during disassembly - radiol length estimated

Figure 7-3.

Stiucture Samplo " A" Originolly Cataloged Flaw Charucteristics
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Crock " Crack Crack Length (In.) Area Angular Deviation (°)
ID No. Type Axial (b) [Radial {r) x 104 (In?) Axial (@) T Radial {B)
B0338 3 .09 15 97 -
BOV2A K] .09 14 88
BO298 K] 09 A6 106
BO42A 3 .09 16 1G6 119
BO25A 1 .06 .05 17.5
BO06B 3 .09 A7 115

**B00A .3 .09 12 70

**B0073 3 .09 12 70
B034B ] .05 07 21.¢C
BO40A ] .07 .07 28.0
B0348 3 .09 10 52
BOUIB 3 .09 12 70
B0298 3 .09 .22 160
B006C 3 .09 .20 142

**B004 A 3 .09 e 106
BJXO9B 3 .09 .22 160
B031B 3 12 .35 335
BOUI4 3 .09 N6 106
BO33B K] .09 A7 115

**B003 A 3 .09 .20 142

**B005A 3 .09 .20 142
BO27A 3 L .28 25
BOOYB 3 .09 .30 232
BO26A 3 .09 .20 142

**B0038 3 .09 .23 169
BO258 3 .09 W21 151

*BO0%A 3 .09 .40 322 27
B0288 3 .09 .23 169
BO26B 3 .09 .23 169
*B023A 3 .09 .30 232 24

B0O33A 3 .09 .27 205
BO34A 3 .09 .26 196
eons 3 A2 .46 467
BO30A 3 .09 .33 259
BOVIA 3 .09 .35 277
BOI28B 3 12 .88 971
BO148 3 12 .51 527
86308 3 .09 .34 268
BOI2B 3 N2 .48 491
BOOSA 3 .09 .30 232
BO31 A 3 A2 .48 491
B8006D 3 .09 .38 304
B0278 2 2 ey 383

Figure 7-6. Structure Sample "B" Originally Cataloged Flew Characteristics
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Crack Crack Crock Length (in.) Area Angular Deviation (©)

1D No. Type [ AT Redial (1] x 1074 (in?) Lumsr(arw

BO28A 3 .09 41 Kk}

8013A 3 2 79 863

BOOBA 3 .09 67 565 10

BOV18 3 .09 .49 403

BOV1A 3 A2 .84 923 I3

BOV4A 3 A2 .86 947

BO12A 3 12 .88 971 1

BOO7 A 3 .09 .74 628 5

BOO7B 3 .09 73 619 1
=
¥

* Flow Domaged During Disossembly - Radial Length Estimated

[ ol

** Flaw in Specimen 301 which was not disossembled - Flaw characteristics Estimatea

" LGS

L TP

LT

10 e B T P 0 R PR

i
[
i

H et

Figure 7-6. Structure Sample "B" Originallv Cataloged Flaw Characteristics (cont'd)




Crack Crack “Crack Length (In.) Area | Angulor Deviation {0)
1D No. Type Axial () [ Radial 1r) x 1074 (Ih2) [ Axial{a) JRadial (p)
E1047 4 .20 QO 31.4

E1049 1 10 .02 15.7 30 S
€2069 1 .20 .03 47 .1

E1019 1 07 .03 16.5 8 0
E1014 4 .22 .03 103.7 17 0
£1032 1 .20 .07 110.0 8 8
£2003 1 .25 13 21.9 16 0

Figure 7-7. Strycture Sample "E" Originally Cataloged Flow Characteristics



Crack Crack Crack Length (In.) T Area Angular Deviation (©)

1D No. Type Axial (6)] Radial (1) % 1074 (In2) Axial (@) ] Radial (B
= F&66W 5 0 .007 .55

F526C 7 .01 101 79

F568C 5 .02 L2 4.7 14

F581C 5 .05 06 23.6

F582C 4 09 .02 28.2 12 42

Fe70W 5 .02 .02 3.1

F672C 4 0 04 69.1 10

Fi1'5C 5 .03 .03 7.1

F171C 5 .06 07 3.3

F173C 7 .0 0 79

FA15C 7 .0 06 4.7

F665C 5 .02 .04 6.3 12

F11iC 5 .03 .09 21.2 10 30

Fli2zw 5 .02 .06 9.4 25 16

F226C 7 0 Ko} 79 12 29

F282C 5 .0l .03 2.4 10 18

F676C 7 .02 .07 11.0 17

F109wW 5 .05 05 19.6

Fl12aC 5 .03 .04 9.4 4 40

Fi66W 3 A0 .47 470.0 11

F122wW 5 .06 .08 37.7 28

F671C 7 .03 .01 2.4 4

F179W 3 .10 79 790.0 31

F220C 7 .04 .07 22.0

F218C 7 .05 .08 31.4 12

F510C 7 .02 .10 15.7

F121W 3 .10 1.43 1430.0 4i

F272C 7 .02 .05 7.9 10 4

F123wW 3 10 .47 470.0 25

F224W 5 .05 .09 35.3

F169W 3 .i0 79 790.0

F101W 3 10 79 790.0

F673C 4 S .05 117.8 5

F684C 3 .25 .30 750.0

Figure 7-8. Stiucture Sample "F" Originally Catalogad Flaw Characteristics




Crack | ~ Crack Crack Length (In.) Area Angular Deviation (°)
IDNo. | Type Axial (b] [ Raaial (7] x 1074 (1n?) Axiol (@) [Redial (B
ROOTA 1 .030 .090 40.5
ROO2A 3 .09 A7 1%
ROO3IA 1 .07 .08 32.0
ROO3B | .08 RE 49.5
ROO4A ! .01 .007 0.74
ROO6A 1 .07 .07 30.5
RO04B 1 .02 .01 1.5
ROO7 A 1 .06 .07 24.5
ROOBA ! .01 .005 0.5
ROYIA 3 .09 14 88
ROT2A . 1 .07 3 52.0
ROT3A 3 .09 15 97
ROTAA 3 .09 15 97
RO158B 1 .07 .02 8.0
ROTGA 3 .09 BR 61
ROT7A ] .08 13 58.5
RO17B 1 .08 12 54.0
ROTBA 1 .08 A1 49.5
RO188B 1 .04 .02 5.0
ROT9 A i .07 .09 36.0
RO19B 1 .04 .03 7.5
RO20A 1 .027 .027 5.0
RO20B ! .04 .05 12.5
RO21A 1 .67 .09 36.0
RO21B ! .C6 .06 21
RO22 A ] .07 .10 40.0
RO23A ] .04 .05 12.5
RO24B 1 .08 .10 45.0
ROZ 5B 4 .007 .003 0.3
RO27A 1 .06 .08 28.0
RC28A I .08 .13 58.5
RO29A | .08 .10 45.0
RO30A 1 .020 .022 5.3
RO30B 1 .06 .09 31.5
RO31B ] .02 .02 3.0
RO32A 1 .06 .09 31.5
RO33A 1 .04 .05 12.5
RO34B 1 .07 .08 32.0
RO358 1 .02 .03 4.5
RO37A 1 .05 .06 18.0
RO37B 1 .08 12 54.0
RO38B 1 .03 .03 6.0
RO40A 1 .025 .029 5.1
RO41A ] .07 .09 36.0 5 10

Figure 7-9. Structure Sumple " A" Confirmed Suspect Flaw Characteristics

Not Originally Cotaloged byt Verified by Teardown
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. Crack Crack Crack Length (In.) : Angular Deviation (0)
. ID No. Type Axiol (6)] Radial (1) x 1074 (In?) Axial {c) [ Radial [§)
RO428B i .02 .02 3.0
RO44A 1 .07 2 48.0
RO45A 1 .05 .07 21.0
: RO458 \ .04 .05 12.5
) RO46A ! .03 .04 8.0
RO4468 1 01 01 0.95
RO47A 1 .07 10 11.5
RO50A 1 .04 06 15.0
ROSTA 1 .06 .09 31.5 14 30
ROS3A | .06 .07 24.5
ROS5A 1 .06 .07 24.5
RO568B 3 09 .15 97 35
ROS7A 1 .02 .02 3.0
ROS8A ) .01 .02 2.0
; RO588 1 .05 .05 15.0
f RO5%A 1 .03 .04 8.0
RO&L2A 1 .03 .04 8.0
f RO628 1 .02 .02 3.0
ROG36 ! .03 .03 6.0
& RO&5A \ 008 010 1
RO658 i .03 .03 6.0
ROG6A [ .03 .03 6.0
RJ4668 \ .03 .05 10,0
RO67A 1 ,06 .08 26.0
R0O678 1 .04 .05 12.5
RO68B \ .04 .06 15.0
ROGIA \ .07 09 36.0
RO708 ] 01 .01 1.0
RO718 1 .C5 .07 21.0
RO73A ) .05 .04 12.0
RO74A 1 0 .01 1.0
RO75A 1 .02 02 3.0
RO76A 1 .04 .06 15.0
kQ76B ! .05 .07 1.0
RO778 1 .04 .06 15.0
RO78A 1 .08 .08 40.4
RO788 | .05 .08 24,0
RO798 i .04 .05 12,5
ROB0OA 1 .002 .004 0.56
rRO828 1 .05 .06 18.0 35
RO83A 1 .04 .06 15.0 V7
RO34 A i .04 05 12.5

i,
u\\:‘ i~

a0

T b gl

i A,

L i

M 1

s

T A e ¢ oy
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Figure 7-9. Structure Somple "A" Confimed Suspect Flaw Cliaracteristics
Not Qriginally Cataloged but Verified by Teardown (Cont'd)




Crack Crack Crack Length (in.) Areo Angular Deviation (°) iz
ID. No. Type Axial 6 |Radial (1) x 1074 (In2) Axial (@) | Radial (8)
RC878 1 .06 .07 24.5 13 -
RO8SBA ] .03 .02 4.0 i
RO8SB 1 .05 .04 12.0 S
RO90B ! .04 .04 10.0 13
RU91B 1 .04 .05 12.5 20 N
RO92B 1 .008 .006 0.66 i2
ROS3A 1 .02 .03 4.5 ¥
RO95B ] .07 .08 32.0 L
RO978 ! 0N .006 0.63 I
RO99A 1 .02 .02 3.0 |
RO998 1 .06 .06 21.0 -
R100A ] .05 .05 15.0
1018 | .004 .004 0.52

8 1 .0 .01 0.95
J2A ! .035 .025 5.6
RO508 ] 010 .015 1.5

Figure 7-9.

e g g 1 T TR (|
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O uad

a————
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Structure Sample "A*Y Confiimed Suspect Flaw Characteristics

Not Criginally Cataloged but Verified by Teardown (Cont'd)
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Crack Crack Crack Length (In.) Area Angular Deviation ()
1D No. Type Axial (b) | Radial (1} x 1074 (In) Axial (@) | Radial (B)
S001A 1 .07 .09 36.0
) S0028 4 .02 .01 3.1
S003A 3 .09 8 124.0
g SO04A 3 .09 A3 79.0 13
. S005A 4 .02 .01 3.1
$0058 ! .004 .006 0.78
s S006A 3 .09 13 79.0 10
S007A 3 .09 13 79.0 14
| 50088 3 .09 4 88.0
50093 \ .01 .02 1.4
SO10A | .02 .02 2.2
SOH1A | .03 .05 8.6
S0118 | .06 R 34.5 5
S0128 3 .09 A5 97 12
S013A 4 .02 .01 3.1 9 7
$019A 1 .005 .006 0.75
50208 4 .006 .004 0.38
S021A ) .004 004 0.52
S023A | .01 .01 1.0
S026A 1 .04 .04 10.0 15
S027A 3 .09 A1 61.0
S028A 1 10 10 55.0
S029A 1 .04 .04 10.0
50308 1 .06 .07 24.5
S031A 1 .08 10 45.0
S032A 1 ,05 .07 21.0
S033A 1 10 A1 60.5
S034A ] .04 .07 14.6
50348 i .02 .05 5.5 27
5035A 1 .09 M 55.0
50368 1 .04 .05 12.5
S009A \ .03 .04 7.0 16
50108 ] 02 .03 3.1
50238 4 .02 .01 3.1

Figure 7-10. Structure Somple "8" Confirmed Suspect Flaw Characteristics
Not Originally Cotaloged but Verified by Teardown

il ']“ "
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Crack Crack Crack Length (In.) Area Angular Deviction (°)
1D No. Type AxTal (6) [Radial [7) x 1074 (1n?) AvialTa) ] Radial (B)
Sample " E"

TOO001 4 .15 .002 4.7

10002 4 .02 .003 0.94

Sample "F*"

U208wW 3 .10 2.7 217C¢.0

uioic 3 .25 0.57 1425.0 31
uliow 3 .10 1.43 1430.0 17
U506C 5 .05 0.12 47.1 8

Ué3w 3 0 0.04 40.0 8

U605w 3 10 0.14 140.0

us607C 4 .06 0.02 18.8 15

Uslhiw 3 10 1.42 142.0

Figure 7-11, Structure Samples "E" and "F" Confirmed Suspect Flaw Characteristics
Not Originally Cataloged but Verified by Teardewn
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Crack Crack Crack Length (lfa_I_1 Area Angular Deviation (°)

1D No. Type Axial (b) | Radial () x 1074 (in?) Axial (@) | Radial (B)

CO44A 3 0.15 | .02 60

C0448 3 0.15 | .06 60

CO39A 7 0.5 | .06 28 §
CO40A 3 0.15 | .06 98 i
CO15A 3 015 | .06 90 i
CO158 3 0.15 | .06 90 i 1
C0408B 3 0.15 | .07 98 3
C0438 3 0.15 .08 128 3
CO43A 3 0.15 | .09 128 i
C037A 3 015 | .09 143 3
C0378 3 0.15 1 .10 143 £
C0148 3 0.15 | .10 158 §
COl4A 3 0.15 | .1 158 '3
COos1B 3 0.5 | .12 210 '3
CO34A 3 0.15 | .14 210 3
C034B 3 0.15 | .14 210 H
C0548 3 015 | .14 233 €
CO51A 3 0.15 | .16 210 &
CO54A 3 0.15 | .17 233 r
CO41A 3 0.5 | 7 255 lé
Co418 3 0.5 | a7 255 i
COS8A 3 015 | .18 270 3
C0588 3 0.15 | .18 270 =
CO47A 3 0.15 19 285 U
C0478 3 0.15 A9 285 i
CO59A 3 0.15 | .20 308 i
C0598 3 015 | .21 308 5
CO55A 3 0.15 | .2 315
C0558 3 0.15 .21 315
COS0A 3 0.5 | .21 323 k|
C052A 3 0.15 .22 330
C0528 3 015 | .22 330
C0298 3 0.15 | .22 345
C0508 3 015 | .22 323 E
C029A 3 0.15 | .24 345 h
CO57A 3 0.15 .25 375 =
C0578 3 0.15 .25 375 =
C040B 3 0.5 | .27 413
CO60A 3 0.15 | .28 413 E
C0028 3 0.15 .40 675 i
CO02A 3 0.15 | .50 675 *

Figure 7-12, Structure Sample "C" Flaw Characteristics
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Crack Crack Crack Length (In.) Arec Angular Deviation (°)
1D No. Type Axial (B) [Radidl (r) x 1074 (In2) Axial (@) | Radial (B)
G AO14 3 .20 .21 408
G A021 3 .20 .07 128
G A036 3 .20 14 268
GA049 3 .20 ,2 408
GAO056 3 .20 N4 268
G A0s! 3 .20 4 268
GA071 3 .20 4 268
G A089 3 .20 .30 588
G A0%0 3 .20 .30 588 5
G A102 3 .20 .20 388
GAIl19 3 .20 .07 128 i
GAI120 3 .20 14 268 '
GA137 3 .20 .21 408 2
GA143 3 .20 .07 128
GA153 3 .20 .30 588 s
GA168 3 20 .09 168
GAl176 3 .20 .30 588 4
GA187 3 .20 .2 408 3
GA192 3 .20 .07 128 il
GA200 3 .20 .21 408 4
GA213 3 .20 .07 128 %
GA222 3 .20 .28 548 3
GA234 3 .20 .30 588 13
G A240 3 .20 04 268 %
GA255 3 .20 .21 408 E
GA262 3 .20 .30 588 {3
GA278 3 20 | .30 588 i
GBO13 3 .20 .22 428 E
GBO16 3 .20 14 268 4
GBO023 3 .20 .06 108 =
GB024 3 .20 .23 448 3
GBO032 3 .20 6 308 é
GB039 3 .20 14 268 3
G B8040 3 .20 .08 148 =
GBO43 3 20 | .21 408 5
GB057 3 .20 .23 448
GBO059 3 .20 .05 88
G B062 3 .20 12 228
GB064 3 .20 .22 428
G 8070 3 .20 .05 883

- GB077 3 .20 .24 468
GB08! 3 .20 .21 408

Figure 7-13. Structure Sample "G" Flaw Characteristics
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Crack Crack Crack Length (In) Area Angular Deviation (°)
ID No. Type Axial (b) [Radial (1) x 1074 (In2) Axial (@) | Radial (B) -
GB083 3 .20 14 268 &
GB093 3 .20 A3 248 ,
GB099 3 .20 A6 308 2
GB10 3 .20 .33 648 4%
G8106 3 .20 8 348 p
GB114 3 .20 .29 568 3
GBI18 3 .20 .30 588 |
GB121 3 .20 12 228 13
G8126 3 .20 .30 588 T
GB134 3 .20 .31 608 I
G8137 3 .20 .21 408 3
GB140 3 .20 .28 548 d
GB142 3 .20 .07 128 3
GB150 3 .20 .33 648 F
GB157 3 .20 0 208 %
GB163 3 .20 .28 548
GB169 3 .20 15 288 =
GB170 3 .20 .32 628 £
G176 3 .20 .28 548
G8183 3 .20 .28 548
GB186 3 .20 .09 168
GB197 3 .20 .08 148

s GB199 3 .20 .23 448

‘ GB20) 3 .20 .05 88
GB203 3 .20 4 268
GB211 3 .20 .24 468
GB217 3 .20 .28 548
GB22) 3 .20 4 268
(8223 3 .20 .29 568
8234 3 .20 .35 688
8236 3 .20 .07 128 :

g GB242 3 .20 .08 148 i
GB249 3 .20 19 368
GB255 3 .20 .08 148 ;
GB256 3 .20 .28 548 B
GBZ63 3 .20 4 268 i
GB265 3 .20 14 268 I
GBZ70 3 .20 .20 388 iz
CB2/2 3 .20 .30 588 E
GB285 3 .20 .07 128 I
GB289 3 .20 .33 ME
CR290 3 .20 .08 148 :
GB293 3 .20 .07 128

Figure 7-13. Structure Sample "G" Flaw Characteristics (Cont'd)
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Crack Crack Crack length (In.) Area 2 Angulor Deviation (7)
ID No. Type Axial (5)] Radial () x 104 (In“) Axval {a) [Radial (8]
G 6300 3 .20 16 308
G B304 3 .20 .06 108
GB8310 3 .20 .21 408
GB312 3 .20 .05 88
GB322 3 .20 .31 608
GB324 3 .20 .08 148
GB330 3 .20 .34 668
GB337 3 .20 .05 88
GCOo12 3 .20 9 368
GCOls 3 .20 A7 328
GCO17 3 .20 12 228
GC020 3 .20 .06 108
GC023 3 .20 .07 128
GC029 3 .20 19 368
GC032 3 .20 .09 168
GC035 3 .20 .06 108
GC036 3 .20 .20 388
GC042 3 .20 .20 388
GC045 3 .20 A7 328
GC048 3 .20 RN 208
GC053 3 .20 12 228
GCO054 3 .20 .29 568
GC056 3 .20 .09 168
GC 061 3 .20 .05 88
GC063 3 .20 19 368
GC085 3 .20 .20 388
GC074 3 .20 .30 588
GCO076 3 .20 17 328
GC079 3 .20 .14 268
GC080 3 .20 13 248
GC082 3 .20 19 368
GC089 3 .20 .31 408
GCO9 3 .20 .07 128
GC097 3 .20 N6 308
GC098 3 .20 18 348
GC100 3 .20 .32 628
GC10! 3 .20 .33 448
GC102 3 .20 .33 648

Figure 7-13. Structure Somple "G" Flaw Characteristics (Cont'd)
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SECTION VIII. DATA STORAGE AND RETRIEVAL

The large quantity and diverse nature (numerical and narrative mix) of information acquired
on the NDI Reliability effort has created o need for on efficient data management system.
Additionally, the dato manogement system and processing functions are desired to be com-
patible with Wright-Patterson Air Force Base computer facilities. A general purpose System
2000 Dota Management System, developed by MRI Systems, Inc., Austin, Texas, hos been 3
identified as fulfilling the above requirements. Functions of the System 2000 include storage
ond organization of the data, updating with new inputs, identification and isolation of
important data, preparation of reports in any format, computation of averages. sums and other
fundamental statistics and production of decision making information. An English-like syntax
is used in data handling which eliminates the need for speciol programming skills to operate.

e e e et
K I

Subroutines, which are transparent to the data manogement/operator interface, can be used

to caleulate variance ratios which are used in testing for significance . Subroutines for confi-
dence level calculations ond graphic plots are also transparent to the operator. Programming,
data input and initial processing has been accomplished through o Control Data Corporation
terminal ot Lockheed-Georgia. A tronsition to full operational capabilities with a complete
data repository at Wright-Patterson Air Force Base has been provided as an end product of the
parametric analysis effort,

+

e
lih‘li i

DATA CATEGORIES

The formating of the row NDI Reliability drta has o two-fold objective: (o) arranging a large
mass of both numerical and narrative information for convenient storage and retrieva!, and

(b) data processing to conduct analyses and tests for significance of variables. The first
objective is driven by the need to efficiently obtain hard copy printouts of specific raw data
by selecting identifier words and to shunt selected data into computational routines. The
second objective is to provide grophic information on one variable plotted against a second
ond to provide statistical calculotions necessary for testing for significance.

L g e g———

T R o T
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The information acquired on the NDI Reliability effort has been divided into seven categories:
() Flow Size Tebulation, (b) Inspection Results, (c) Individual lnspection Log, (d) Technicion
Profile, (e) Base Daily, (f) Facility Evaluation, and (g) Equipment Performance. Each category
has its contents listed in tabular punched card formot to be used as initial computer dato input.
The following Figures and their associated notes show the detailed format used for inclusion of
oll the ocquired raw dota for transcription to punched cards and computer programming opera-

3
{

N

tions. They contain both encoding information and narrative descriptions for the complete é
transcribing process. ¥

4
DATA BASE DEFINITION §

The dota manogement has been accomplished by assigning nomes or descriptions to « data base
composed of elements in a hierarchy of existing interrelationships. A schematic of the dota
bose used in this program is presented in Figure 8-10, The nighest level descriptor is the
"Sample Type" because it was estoblished os the most fundamental element in the data

8-1




acquisition proccss; all other descriptions are subordinate. Unique sets of flaw identifications
ond characteristics are attached to each Somple Type which has a large number of subordinate
results accompanying every flow. The next lower leve! of subordination is branched into two
categories: Technicion Profiles and the Facility Evaluations. Both of these descriptors hove
four subordinate elements as showr in the schematic. Eaoch of the descriptors is assigned o
hierarchical index value with the smaller numbers at the tep and lcrger numbers signifying o

position of lower accession priority. A partial list of the dota base definition is provided in
Figure 8-11 in the COBOL language for System 2000 input.

DATA RETRIEVAL

Raw data are directly assessed by o SYSTEM 2000 command labeled "LIST". This command
produces outputs in columnar format with user-specified column headings. The doto are
screened with standard "WHERE" clause qualifying descriptors such as List Results Where
Sample Type is "A" and NDI Method is "UT". Graphic plots of flaw detection probabilities
are developed by "WHERE" clause descriptors alony with a four card input command entitled

"ND! PLOT". A number of these graphic plots are presented in Section XI, "Detailed
Reliobitity Findings" .

8-2
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COLUMN DATA FORMAT REMARKS

1 Dato Type M X

2,3 Base 1D XX
4 Start Date: Year X 5 6,7, 0r8 Note 1

5,6 Month XX & -2

7,8 Day XX g - 3

Completion Date: Yeor X 5 6,67, 08

10, 11 Month XX g - 12

12,13 Day XX g - 31

o following Data obtained from [tems 1-5 of Facility

w Evaluation Sheet, See Note 2

14 Shop Type A G-General, ti-Hanger, N-NDI
15 Ambient Conditions T f-Contro\lecr,—U-'Uncont?Elled
16 Lighting Level P-Poor, F-Fair, G-Good,

TE-Excellent

17 Noise Level L=Low, M-Medium, H-High

13 Ancillory Equipment Evol. P -Poor, F -Fair, G-Good,
E-Excellent
19 Work Area dize C=Cromped, M-Moderote,
Y| tes T

*ax Standard NDI Jobs Obtained from Stondard Jobs Sheet

20,20 Ultrasonic

XX Note 3
22,23 Eddy Current
24,25 Penetront
26,27 X-Ray }'

28,29 Leak Check
30, 31 Magnetic Particle

Figure 8-1. Facility Evaluation Punched Card Format
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Figure 8-1. Facility Evaluation Punched Curd Format (continued)
NOTE 1

Obtain Start and Com i

pletion dotes from Daily L ;

ot i ol c y Lug. Start date is the d he fi

he facility ond the completion date is the date of the last day ot rhzt:ozzlt’)’ it der
ity.

NOTE 2

J (o] lng Lo"dl'lons |Ol t dd !PIIIS wi IC‘. qQre lHCOIllplE‘
ASS me lhe i “Ow 'Dse '0 i e.

item 14 - G
15-T :Z:—g—
6-G 19 - K
NOTE 3 o

XX - e i
Percentoge of total NDI jobs performed utilizing NOI Method
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green S"eL"Ed ‘0! ‘Pﬁ '0'0’ ||U”|bel O‘ .ObS pe«‘oqme ‘()r ”\' } r'. r
‘ i d ay PG ICUiG

'

-

e

' M‘;mﬁ}‘i

oy

3 NMLMM’MW

SRR

e

s o et
1
RLIOE

i, e PO p—— st !
O ) m ™ I
an it »MMM b B

. T ] e
T ST B [TRRR AL i1 . it Ll il

Foey L B S

8-4




e s e =

: COLUMN DATA FORMAT REMARKS

* 1 Data Type (2) X

) 2.3 Base 1D XX

B 4 Dat Year X 5,6, 7018

R 5,6 | Month XX a2

. 7,8 Day XX - N

H ¢ — Duy of Week X 1-Sun; 2-Mon; ...; 7-Sat.

3 10 Inspection Location A I-Inside; 0~Outside
i 11 Temperoture - indoor T L-Low; N-Normol;
1 2 " = Outdoor " H-High

é 13 Precipitation N- None; R-Roin;

o T3-Sloet/Tnow

3 14 Humiuity L-low; M-Modium;
] T H-High

: Wind Velocity i " " "

H-

figue 8-2, Bose Daily Punched Covd tosmat
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COILUMN DATA FORMAT REMARKS
] Data Type (3) X
2,3 Base ID XX
4,5 Instru. Mfr, AA Note la
69 Mode! XXXX Mote 1b
10-14 S/N HKXXXX Note 1c
hiid Microvolts Deflection on Stendard - Med, Range
15-17 0.010" XXX Note 2
18-20 0.020 XXX
21-23 0.050 XXX
NOTE: 1

@) (Seme as Note 3a Individuo! Inspection Log)
b)Y (Samc as Note 3b Individual Inspection | og)

¢} {Some as Note 3¢ Individual Inspection Log)

NOTE: 2

Maximum deflection with initial setting of 250 is theiefore off scale or pegged
condition to be coded 0 999,

Figute 8-3, Equipment Pedormonce  w. « urrent Punchoed Card format
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COLUMN DATA FORMAT REMARKS
1 Data Type (4) X
2,3 Bose 1D XX
4,5 instrument Mfr, AA Note la
6-9 Model No. XXXX b
10-14 S/N XXXXX lc
15-16 Transducer Mfr, AA lo
17-20 Model XXXX 1b
21-25 $/N XXXXX le
26 Frequency X Note 2a
27,28 Angle %X Note 2b
e Instrument Set-up
29-31 Coarse Gain XXX Note 3o
37,33 Cine Grain XX
34,35 Reject XX Percent of Full Scale
36,37 Pulse Length XX Percent of Full Scole
38 Coarse Sweep Range X
29,40 Coarte Sweep Multiplier XX Note 3b
41,42 F.o Sweep (Velocity) XX
43, 44 Horiz-iInter- Echo Spacing XX Percent of Full Scale
1-2
45,46 Horiz-Inter-Echo Spacing XX
2-3
47,48 Vert, Echo-Height 3 XX
49,50 Vert, Echo-Height 8 XX

8-7

Figure 8-4. Equipmant Performance - Ultraionic Punched Card Format




Figure 8-4. Equipment Performance - Ultrasonic Punched Card Format (continuad)

NOTE: o, b, lc (Same as Note 3a, 3b, 3c - Individua! Inspection Log)

NOTE: 2
{a) 0 - Data not recorded
1 ~2.25 MH,
2 -5.0 MH,
3-10.0 MH,
®) ANGLE in degrees such as 00° = ¢0.
00 - Date not recorded.
NOTE: 3
(o) Convert one and two digit numbers to three digits as foliows:
One digit: .1 001, 2 020
Two digits 0.1 001; 2.0 020
®) Convert one digit numbers 1o two digits os follows:

A 0y; 2 20

10 ] a1
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COLUMN DATA FORMAT REMARKS
1 Data Type  (5) X
2,3 Bose ID XX
* &% x__Ray
4,5 Equip. Mfr. AA NOTE 1o
6-1 Mode!l No. XXXXXX b
12-16 S/N XXXXX lc
17-18 Film Processor Mfr, AA lo
19-22 Madel AXXXX 1d
23-27 $/N XXXXX Te
28-30 Stepped Wedge Nor. Exp. 1st Step XXX Relative  Value
31-33 2nd
34-36 3rd
37-39 4th
40-42 2X Exp. st Step
43-45 2nd
46-48 3rd
49-51 Y 4th w
32-54 Div. Tst, Strip-Density Ist Step
55-57 2nd T
58-60 3rd ¢
61-63 4th i
g Y A Y
e Penetrrnt
64, 65 Mfr.-Penetrant AA Note lo
66 Penetrant Group X
67, 68 Developer - Mfr, AA Note la
69 Developer Type A A-Aqueous N-Non-Aqueous
70 Results A E-Excellent; G-Good;

F-Fair; P-Poot

(
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Figure 8-5. Equipment Performance -~ X-Ray & Penetrant Punched Card Format (continued)

/13
/b
NOTE: g, 1c & Id - (Same as NOTE 3q, 3¢ and 3b, respectively - VARRE
AR
Individual Inspection Log) J 3

1b - Mode! Number ~ Six least significant digits of model number.

L
\\
M ‘;- W
i Rk

EX: 69150K - 69150K; 50 KVA - 050 KVA
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COLUMN DATA FORMAT REMARKS
1 Data Type (6) X
2-6 Assigned A/F ID No. XXAXX Note 1
7 Date - Yar X 5, 6, 7or8B
8,9 Month XX | #r-12
10, Day XX [ g1-3
12 Skill Leve! X Note 2
13 High School Grad. X N-No; Y-Yes Note 3
14 College X @-9 (Number of years completed)
15-17 NDI Troining XXX Total Number of Hours Note 4
el Job Experience
18,19 ND| XX Note 5
20, 2i Technicol
22,23 Clerical/Managerial
24,25 Skilled
26, 27 Other
28,29 Skilled/NDI
ok Inspections performed per month on kngine (c) ond Aircraft Structure
(A/C) parts utilizing specified methods.
30-32 Ultrasonic {E) XXX Note 6
33-35 " (A/C)
36-38 tddy Current Surface (E)
39-41 " " " (A/C)
42-44 EC-Bolt Hole, Man. (E)
45-47 " (AQ)
48-50 , Auto  (E)
51-53 " (AC) j Y
54-56 Penetront (E) XXX Note 6
57-59 " (A/C) '
60-62 X-~ray (E)
63-65 " (A/C) |
ol Physical Data
66, 67 He ight XX @ - No Data Note 7
68-70 Weight XXX
71,72 Age XX
73 Sex X M-Male; F-Female
74 Maritai Status M-Marr,; S-Sirgle
75 Wear Glasses Y-Yes; N-No
76 Physical Limitations Y-Yes; N-Nonc
77 Technician tvaluotion AT

Figure 8-6. Technician Profile Punched Cord Format
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Figure 8-6. Techniciaon Profile Punched Card Format (continued)

NOTE 1

Assigned A/F Identification No.

a) Any Technician Profile Form which does not contain a valid ID number wnll be
considered invalid and the data will not be "green shected" .,

Examples of valid ID numbers:

1) Four digit numbers: 0916, 0407, 03E8, 03U6
2) Five digit numbers: 03E12, 16U10, 16U2E
3) Six digit numbers: T6U10E, 16E11U

. b) “All 1D numbers will be convertéd to a standard (5) five digit format.
Four digit numbers will be converted by either

1) Inserting the letter 'B' between the second and third digits of those ID
numbers containing four numbers - Ex: @916-g9B16; F4@7-F4BE7

2) Inserting a zero between the third and fourth digits of those 1D numbers
containing three numbers and ore letter:

Ex: @3E8 - FIEPS; F3U6 - F3UPs

Five digit numbers containing three numbers and two letters will be converted
by deleting the letter in the fifth digit and inserting a zero between the third
and fourth digits. Ex: 16U2E - 16U@2

Six digit numbers will be converted by deleting the lefter in the sixth digit.
Ex: V16U10E - 16U10; 14ETTU - 16E1

NOTE 2

The single digit skill level number is derived from the Job Title or AFSC number. The
AF SC number is a five (5) digit number with the fourth digit designating the skill level
(XXX X X). Example: AFSC #531 5 5 deslgnates a level 5 und AFSC #536 90 o
level 9. The AFSC skill levels are: 3, 5, 7 and 9.

If an AFSC number is not provided, a skill level coded reference will be provided and
will be recognized as the number or letter in parenthesis.

NOTE 3.

Any of the following in the GRADUATE  (Space) signifies o high school graduate:
yes, (/] check mark, year, GED, and RB-ZEED. A 'no' or blank space signifies a

non-graduate,
NOTE 4

A4 the individuai NDI treining to obtdin the totol number of hours. 999 hours is the
maximom hours which con be "green sheeted", therefox:, when the totol hours exceed
999 they will be "green sheeted" as 999.

8-12




Figure 8-6. Technician Profile Punched Card Format (continued)

NOTE 5

Job Experience is the total number of years a technicion has worked in each job category.

A, Obtain NDI experience from item 5 of the Technician Profile Form.
Convert the months given to the nearest year using the following
guideline: 0-5Mos. =0 Yr.; 6-12 Mos. = 1 Yr. and add to the
years given to obtain the totol number of years experience.

Ex: 9 Yrs. 5 Mths. = 9 Yrs.; 9 Yrs. 6 Months = 10 Yrs.,

O

e s
e b

B. item 6 (Job History) of Technician Profile Form.

1) Cotegorize each job into one of the five categories listed
below. Use the examples of occupations as an oid in Jdeter-
mining the proper category.

2) Delete those jobs associated with NDI.

3) Convert the From-To dates into the totol number of years 1
on each job. =
Ex. From: Nov 73 To: Sept 75 =2 Years

From: Nov 73 To: Jan 75 =1 Yeor

4) Add the total number of years associated with each category
and "green sheet” .

£
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Figure 8-6. Technician Profile Punched Card Format (continued)
JOB CATEGORIES

1. NDI

ND! (Specialist, Technician, Superintendent, Apprentice)
Skill

Industrial Radiographer

Ultrasonic Equipment Cpeiator

Physical Science Technicion

2. Technical

Technicion
Engineer

Chemist
Loboratory Worker

3. Clerical/Managerial

Supervisor

Manaoger

Secretary

Typist

Operator, Radio
Operator, Teletype
Operator, Computer
Supply Clerk

4, Skifled
Mechanic =
Machinist g
Brick Layer t%
Carpenter é
|
| 6
* 5, Other ¢

-
it

o

Truck Driver

Laborer

Grocery Clerk

Salesmon

Student

Servicemaon (Army, Navy, etz,)

6. Skilled/NDl_

ot o e it | LSV

A/C Sheet Melo! Worker
Welder
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Figure 8-4. Technician Profile Punched Card Format (continued)

NOTE 6

The maximum allowable number of inspections per month for "green sheeting" is 999. . B
All inspections per month greater than 999 will be "green sheeted" as 999.

Ex: Penetrant (A/C)1250 - - 999

NOTE 7

All heights will be converted into inches befcre " green sheeting' .
kx: 5ft, 11 inches = (5x 12) + 11 =60+ 11 =71 inches,




COLUMN DATA FORMAT REMARKS
1 Data Type  (7) X
2-6 Technician 1D XXAXX Note 1
7-1 Date Yr-Mo-Day X XX XX
12 Day of Week T TTX T 1 -Sun; 2-Mon; ...; 7-Sat.
13 Sample Type A 'A' Sample A; ...; 'G' Sample G
14,15 NDI| Method AA Note 2
16,17 Equipment Mfr, AA Note 30
18-21 Mode! No. XXXX 7T 3b
22-26 Serial No. XXXXX 3¢
27,28 Probe/Trans. AA 3o
Film Mfr,
29-32 Model/Type XXXX Y 3
33-35 Inspection Time XXX Note 4
o Ultrasonic Method
36 Transducer Frequency X Note 5a
37,38 Transducer Angle XX Note 5b
wEx Eddy Current Method
39 Instrument Ronge Setting X g - Not recorded; L - Low;
M - Medium; H-High
40, 41 Freq./Liftoff XX |Pp- 99 ~ Note 6
* Penetrant Technique
42 Feneirant Gioup X @ - Not Recorded (NR)
43, 44 Dwell Time XX Note 7
Comporison
45 Application Method X 2 - NR; _]_ - Sproy; Z - Brush
o X-ray Technique
il Inspection Area Density Range/AIM
45,47 Sample B-101 XX Note 8q_
48,49 102 T
50,51 -1
52,53 -2
54,55 -121
56,57 -122 z
58,59 -133 T
60,61 <134 3
62,63 -30)
64,45 -302
66,67 -14]
68,69 Y 42 Y
70 Film Processing X Note 8b

Figure 8-7. Individual Inspection Log Punched Caord Format




Figure B-7. Individual Inspection Log Punched Card Format (continued)
NOTE | (Some as Note | Technicion Profile)

NOTE 2

Abbreviate ND| Methods as follows:

EA - Eddy Current Bolt Hole - Automatic
EH - Eddy Current Bolt Hole = Manual
EOQ - tddy Current - Overheod

ET - Eddy Current Surface

PT - Penetrant

RT = X-ray

UA - Ultrasonic - Automatic

UT - Ultresonic

NOTE 3

(@) Equipment Manufacturer - First two lerters of Manufacturer's name ,
Ex: Branson - BR; Sperry - SP

(b) Model Number - Four least significant digits of a model number,
Ex: £D520 - D520; ZL-22A - L22A; 600 ~ 0600

(¢) Serlal Number - Five least significont diglts,
Ex: 92445 - 92445; 0260 - 00260

Zeroes will be entered for ony or all of above where no data Is recarded,

NOTE 4

Inspection Time - Total minutes 000-9%9
000 - Dota not recor’ed

Letermination of Inspection Time

(a) determine the differance in each Start Stop time (haurs and minutes)

Ex:  Start Stop D11 45 2) 1510 * 1470
1) 0830 1145 0830  -1245  -1245
2) 1245 1510 315 225

1) 3 hrs. 15 minutes
2) 2 hrs. 25 minutes

* Convert 1510 to 14 70 by subiracting 1 hr (60 min) fram 15 hr and
adding the &0 min ta 10 min = 14 7Q.

(b) Convert the hours to minutes and add to the existing minutes

1)3 hrs 15 mins = (3 x 60) +15 = 180 + 15 = 195 minutas
2)2 hrs 25 miny = (2 x 60) + 25 = 120 + 25 = 145 minutes

dodl
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Figure 8-7. Individual Inspection Loy Punched Cord Format (continued)

(c) Sum the individual inspection times
1) 195 min.
2) 145 min = 340 minutes INSPECTION TIME
NOTE 5 |
a} @ - dato not recorded
2-2.25MHz
5 =5,0 MHz
9 - 10.0 MHz

b) ANGLE in degrees such as 60° = 60.
4 - data not recorded

NOTE 6

00 - no data recorded

Convert single digit numbers to two digit by adding a zero preceding the number.
£x: .9 - 09.

Convert th-o= digit nurabers to two digits by deleting the third digit and rounding.
Ex: 2.25-23;1.13 - 11.

NOTE 7

Owell times - Penetrant and Developer
This data item compares the dwell times specified in the test procedure with
the actual dwell *ime recorded by the technician. A variation of plus or minus
(5) minutes or more will be codzd os below.

TEST PROCEDURE DWELL TIME:

Penetrant 20 minutes; Developer 20 minutes,

@ - data rot recorded
1 - required dweil time (RDT)
2 - under RDT
3 - over RDT
Ex: Dwell time data: Penetrant - 18 min. Developer = 15 min.
Coded - 12
NOTE 8

a) lst digit - x-ray film density range
2nd digit - x-roy tube aim
~ (obtain from Inspection Result Score Sheet)
@ - no data recorded

8-18




Figure 8-7. Individual Inspection Log Punched Card Format (continued)

b)

P - no data recorded
1 - automatic processing
2 - hand processing

X-ray - measured film density range vs specified normal density range and
estimate gim of x~ray beam.

Densiry Range:

#f - both low and high values within range
1 - both low ond high values out of range
2 - low value in and high volue out of range
3 - high value in ond lcw value out of range

AlM:

d - centered
1 - off center
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COLUMN DATA FORMAT REMARKS
1 Data lype (8) X
2-6 Tech ID XXAXX Note |
7 Somple Type A Note 2
8,¢ ND! Mcthod AA Note 3
10 Dote - Year X
11,12 - Month XX
13, 14 - Day xX
15,16 False Find XX Totol Number
17,18 Ratio tind - Opporiunities XX Percent
19 Flawsite Results X Note 4
-IP-—
n \ ﬁ
—l
n

= Jotal number ot tHlawsites in Somple.

Figue 88,
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Figure 8-8. Inspection Results Punched Card Format (continued)

NCTE 1

NOTE 2

NOTE 3

DI_Q_)TE 4

(Seme as Note 1 Technician Profile)

Sampla 'A' - A; Sample 'B' - B; ... Sample '‘G' - G

Sample 'G' contains 123 flawsites, therefare a second inspection results
data card will be required. The second card will contain Flawsite Results
and will be o continuation of columns 19. - n

Sample Flawsites Somple Flawsites
A 42 £ 27
B 52 F 43
C 4] G 123
D 10

(Same as Note 2 Individual Inspection Log)

Use Inspection Results Score Shee!

a) A check mark in the Find or Miss column of the score sheet is denoted vy o

(0) Zero for a Miss and a (1) One for a Find.

b) A dash mark or blank spoce in the [ind and Miss columns indicate o flawsite

which wos not inspected. This is denoted with a (2) two on the "green sheet"

0 - Miss
1 -~ Find
2 - Flowsite not exomined,
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COLUMN DATA FORMAT . REMARKS
1 Data Type 9 X
2 Sample Type A 'A' - Sample A; ...
'F* - Sample F
3, Flaw Size XX Note 1
e BB 1'_

+ XX

NOTE 1

Flow size is represernted by two digits, therefore all three and four digit numbers will
be converted to two digits.

Ex: 0.020=02; 0.015=02
0.185=19; 0.020 =02

The two flows which are greater than (1) inch in length will be coded as follows:

1
1

.05 inches = 95
.95 inches = 99

Figure 8-9. Flaw Size Tabulation Punche 1 Card Format
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DESCRIPTOR DATA

; INDEX CATEGORY
§ ! Sample-Type
t 2 Flaw-1D
k -3 Flaw-Serial
| 4 Flaw-Radial-Length
5 Flaw-Bore~Length
6 Flaw=Area
7 Flow-Angle-Alpha
8 Flaw-Angle-Beta
9 Flaw=Type
10 Result-Rec
100 NDI -Method
1 10 Base-1D
106 Technicion-1D
102 Recult-Date
103 Result
104 False~Find
105 Ratio-Find
107 Command
1 20 Technician-Profile
203 Date
204 : Skill-Level

Figure 8-11, Data Bose Definition Sample
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SECTION X, ANALYSIS METHODOLOGY

This NDj Reliability Program was plenred to comprehensively measure NDI perfor-
mance in the setting where daily work is normally conducted in field and depat

shops. As such, a number of observations were necessarily performed on many
variables to document conditions surrounding the NDI processes. Analyses of the
proyfum results may be therefore viewed in terms of NDI performance in flaw de-
tection and false calls relative to a variety of possible categories. A schematic of
data combinations available for analysis is depicted in Figure 9-1. Gene:al categories
of location, environment, participant capabilities, equipment pe:formance and structure
type, combined with the NDI method, yield a performance of flaw find/no find and
false calls. Each general category of the data has intrinsic features which allow fer a
number of subdivisions which will be discussed in a following section on Fundamental
and Secondary Variables. In cll cases, the central issue is detection performance on
fatigue cracks with given characteristics,

Acquisition Foringt

The general categories for data acquisition which were defined in the planning phase
of the program are as follows:

1. Inspection results in terms of flaw finds, no finds, ond false calls

2. Individual inspection logs containing date and time of day, equipment
vsed, and NDI operating parameters

3. Technician profiles which characterized participant background
and physica! data

4, Base daily logs with weather and task assignment information
3. Facility evaluations concerning the shop and working conditions

6. Equipment performance checks which measured the operating
ronges of equipment

7. Tabulation of flaw lengths and characteristics

The last item, 7, was actually completed with estimated flaw lengths in the planning
phase and was used in conjunction with Item 1, in the initial performance evaluations.
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DATA COMBINATIONS

AF FLAW TECHNICIAN STRUCTURE
LOCATIUN SIZE PROFILE TYPE
NDI EQUIPMENT
ENVIRONMENT PERFORMANCE

S

>

/

NDI

METHOD

PERFORMANCE

—
FIND OF
NO-FIND

FALSE
CALLS

Figure 9-1, Schematic of Ceneral NDI Data Categories
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Quantitative results are sought in the data reduction and evaluation. A convenient
format for performance evaluation is either a curve or histogram of floaw detection
probability relative to flaw size (flow length, “a major factor in its size considerations,
is commanly used as a measure of flaw criticolity).

A second aspect of pertormance evaluation is a test for significance of variables.,

This significance test answers the question of whether observed differences in flave
deteciion among different combinations of variables are attributed to those variobles
or to chance. The onalyses in this effort, therefore, are planned to not only present
results with a number of histograms or curves identified by o given set of variables, but
to also quantify the significance of any differences between those results which are
selected by given voriable sets.

Fundamental and Secondary Variables

The fundamental ser of variables that have besn recorded in this program are as
follows:

a. NDI Method f. Distinction Betwsen Field or Deoot
b. Structure Sample Type g. Flow ldeatification Number

c. The Dare of Inspection h. Flaw "Find" or "No Find"

d. Participant Identification Number i. False Calls by Porticipant

Identification Number

A more complex set of secondary variables, which interrelate with the fundamental
set, hcc also been recorded. They are listad by type a3 follows:

A. Technicion Prdfile

i) skill level

ii) education level

iii) omount of formal NDI training

iv) job history

v) NDI work pace (inspection tasks per month)
“vi) physical dato ' '

B. Flaw Character

i) flaw length
ii) flaw area
iii) aspect ratio
iv) orientation with respect to the inspection surface




C. Inspaction Log

i) equipment identification
ii) operating parameters

i1i) task assignment (somple type cmd NDI method)
iv) doy of week

D. Cavironment/Facilities

i) shop type

ii) ambient conditions
iii) weather

iv) work area description
v) lighting and noise level
vi) equipment performance

Many combinations of variables have been observed in the course of data acquisi-
tion; some are significant and some are not. Subsequent statistical treatments of the
recorded data will reveal which variables warrant attention,

Graphic Treatment of Variables

Preliminary analysis procedures which were designed ot the outset of data acquisi-
tion phase yielded composite histograms of mean detection probabilities for flaw size
ranges encompassing an average of seven individual flaw lengths as shown in

Figure 9-2.

The seven poinl grouping was arbitrarily selected as the one most convenient for view-
ing the pattern of results where grouping the data was necessary to obtain a suffizient
sample size to calculate confidence bounds as describad in Secti~n 3. As the data
acquisition progressed, the number of individual attempts to find each flaw was
sufficient to develop analyhcol approximations of detection probobilities relative to
flaw lengths as shown in Figure 9-3. These approximations evolved by examining a
number of transformations of the variables to select those which minimize scatter nbout
an estimated mean, A reasonably good anclytical fit was observed with the follow-

ing transformations:
= 1
x ]/oc (M
y=11In 1/p] /ac, where In - loge (2)

where ac - the flaw size parameter and p = the point estimate of the datection
; probability, For exomple, a fatigue crack of radial length o, = 0.30 inches has
been detected by eddy current scans 72 times out of 90 attempts to yield a point
estimate of the probability, p = 0,80,

R T . T . . , , ) .
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EDDY CURRENT SURFACE SCANS - TEN BASES
1.00

AVERAGE OF
.80 p—————7 FLAWS PER —
BAR

.60

.40

DETECTION PROBABILITY

.20

—
0 . '30 ‘45

RADIAL CRACK LENGTH (IN.)

] L}

.60 .75

Figure 9-2. Typical Histogrom Presentation of Flaw Detection Results
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The trend of the transformed variables was then correlated to a generic expression:

y=a (° @)

where a and b are constonts determined by a power curve fit to the data as follows:

£ (In xi) (In yi) - (zln xi) (Tin yi)

b= N (4)

¥ (In x. )2- (T in X )2

N
Tiny, T In x,
1 !
a=exp | -b I ©)
N N

N = the total number of data points or point estimates used to establish
the curve,
The coefficient of determination for the power curve fit to the data is given by:
Z (In xi) (In yi) - (Zln xi) (¥In Yi)
2 N

Z(ny, )2- (ZIn y;)2

£ (In %) - (2 In %),
Wy |
N N
Combining equations (1) and (2) into (3), with the inverse transformation, yields the
expression:
b-1
p= exp [-a(Va )" I @)

where a = the estimated average detection probability,

Scatter and Confidence Limits

The success or failure to detect a flaw by a number of independent trials, as exercised

in the data acquisition, should exhibit a binominal character described in the following

treatment, Given a probability of success = p and a failure prebability = 1-p for n
independent trials, then the probability of success s in n such trials is expressedby:

9-7
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p (s) ~” et (1-p)"7 8)
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where s is the observed number of successful detections. This implies that each
measured point estimate p is un average value representing a binomially distributed
scatter of values, The variance Vi which guantifies this scatter is expressed by:

Vy= 1B 0-P)1/n ©)

where n ~ the total number of attempts 1o detect the flaw. In actuality, the scatter

which is intrinsic to each point estimate is graphically displayed in Figures 9-4 through
9-7.

Detection performance on flaws within the denoted length ranges are shown for a 37
participant group. If the flaw detection process is strictly mechonistic; i.e., not
subject to human factors, the group respornse would be characterized by a binomial
statistic which is illustrated on each performance histogram. However, the measured
performance exhibits the influence of human factors which has a bimodal character;
an inhomogeneous group of participants.

The second contribution to scatter lies in variability of the flaw character, Flaws of

nearly identical lengths are not detected with the same degree of success, The
variance v, attending this source can be directly evaluated by:

Vo= —— v B-p)? (10)

. . A . .
where N = the total number of point estimates and p = the analytical estimate
of p. The total variance is the sum of the two sources expressed by :

V=V oiv.s [(Ba-Bi/n+ L sB-p)? R
12Ip(p)/nN(pP) (1)

Confidence bounds attached to the trend information can be approximated by assum-
ing a normal dist:ibution of centributions to the Y variance V. This assumption is
permissible if the following condition, described in Reference 11, is met:

np>~50nd n (1-p) 5 (12)
for the binomial component of the variance V,. Additionally, 'he fluws within a

given size range exhibit an approximately normal probability distribution about the
estimate of the mean; which implies that con.. ibutions to V, are Gaussian.
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ULTRASONIC NDI PERFORMANCE DISTRIBUTION,
10 FLAWS 0.09" - 0.13"

~— BINOMIAL DISTRIBUTION
~MEAN PROBABILITY 0.08

FRACTION OF
GROUP (N 37)

1

3 4 5 6 7 8 9 10
SUCCESSES IN 10 ATTEMPTS

Figure 9-4. Performance Distribution on a Difficult Flaw Detection Tosk
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ULTRASONIC NDI PERFORMANCE DISTRIBUTION, 10 FLAWS
0.21" - 0.24" 5.3 mm - 6.1 mm

0.5¢
0.4}

Y————— BINOMIAL DISTRIBUTION
0.31- MEAN PROBABILITY 0.50

FRACT.ON OF
GRCU? (N 37

0 1 2 3 4 5 6 7 8 9 10
SUCCESSES IN 10 ATTEMPTS

Figure 9-5. Performance Distribution on a Moderate Flaw Detection Task



ULTRASONIC ND! PERFORMANCE DISTRIBUTION, 10 FLAWS
6. 4mm - 14.5mm

0.25" - 0.57"

0.5

0.4}

0.3

FRACTION CF
GROUP (N 37)

0.2

BINOMIAL DISTRIBUTION
MEAN PROBABILITY 0,70

e

<o

T T

WU
ol

e

) l |
ol I I , ’ B
4 5 o] 7 8 9

0 1 ? 3 10
SUCCESSES IN 10 ATTEMPTS

il

T R

Figure 9-6, Performance Distiibution on an Easy Flaw Detection Task
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ULTRASONIC NDt PERFORMANCE DISTRIBUTION, 5 FLAWS
0.39" - 0.57" 9.9mm - 14.5mm

0.8

BINOMIAL DISTRIBUTION

0.6} WN PROBABILITY =0.92

~

FRACTION CF
GROUP (N - 37) g 4L

0.2}

SUCCCSSES IN 5 ATTEMPTS

Figure 9-7. Performance Distribution on a Very Easy Flaw Detection Task
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Although it has been pointed out that V, is not truly binemial, the combined in-
fluence: of V} and V5, can be reasonably treated by Gaussian multipliers t
to determine confidence bounds as follows:

: b-1 A A 1w A2 1/2
Po = P l-a(l/ )7 =t TR (-p) /o + - (pop) (13)

C

where t values are assigned for selected levels of confidence shown in Figure 9-8
(Reference 13).

Level of Confidence o
0.50 0
0,90 1.29
0.95 1.65
0,99 2.3

Figure 9-8, Gaussian Multipliers for Selected Levels of
Confidence

Tests for Significance

A product of the preliminary analyses was the test for significance of selected
variables, The variables of flaw size 1n four length groups, NDI method, porticipant
ond test site or location were examined for significarnce conducted early in the data
acquisition phase are provided in Figure 9-92. The significance of flaw size (estimated
lerath) was shown to be very great, os would be expected. The NDI method was also
evidenced as a significant variable in the total scheme of flow detection. Variance
attributed to differences among participants (technicion variable) at the field level
were insignificant, However, the differences omong participants ot depots was
significont,

These tests for significance were performcd on variance ratios colculated from the
division of variances by the residuals* for a given set of four variables. A schematic
of the calcuiation sequence is depicted in Figure 9-10, The dato acquisition and
method of analysis in testing for significance were patterned after a tactorial ** ex~

* The residuals are the Jifferences of the actua! observations and a regression
quantity based on the associoted second variable in a covariance analysis.

** A desion where all foctors are varied simultoneously, as contrasted to a design
which allows only one factor to vary while the remaining ones are held constant,
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P ——— e

TESTS FOR SIGNIFICANCE

DATA

FIND/NO-FIND

N

COMBINATIONS

DATA

e

MATRIX
DEVELOPMENT
SuUMS OF SUMS OF
SQUARES PRODUCTS
RESULTANT DEGREES OF
SUM OF SQUARES FREEDOM
VARIANCE RESIDUALS
"F'" RATIO VARIANCE
COMPARISONS RATIOS

Figure 9-10. Calculation Sequence for Statistical Tests for Significance
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perimental design, The matrix depicted in Figure 3~1 shows brisic combinations of
strecture type and NDI methods. This matrix can be extended i encompass ony

number of variables in theory, but was limited to four in this analysis. The tests for
significance treated the four variables of flaw size, ND! method, technicion and site.
Other combinations could be day of week, time of day, technicion age and skill level,
for example. Some given sets of variables such as those paired in Figuré 3-1, will

have missing combinations. This particular sei of variables exhibits blanks in the

matrix (non-orthogonal data) becouse not all structure types cre inspected by all NDI
methods. An incomplete matrix situation can be handled by a scheme for treatment of
non-orthogonal data. Goulden 12) has devoted o chapter to this in his text on “Methods

of Statistical Analysis. "

The missing value treatment is based on substituting dummy values intu a covariance
analysis scheme with master variables S ond X. The S master variable represents original
values for the flaw detection data acquired and the X master variable represents missing
data. Where values in S exist, the assigned value of X = 0, and where no values of >
exist, the assigned valus of X = -1 is used. The original analysis scheme contained
eight variables defined in Figure 9-11,

Ccde Symbol Variable Range
Q Test Site Depot or Field
P " Technician Skill Level Three Levels
N Sample Type Six Structure Types
M Inspection Type Overhead or Below
L Test Site Twenty-Two Locations
K Technician Participants Per Site
J ND! Method Seven
I Flaw Size Class Four

Figuie 9-11, Variables Included in Original Analysis Scheme to
Test for Significance

Symbolicolly, the variables are expressed as:

S(QPNMLKJ!) and (14)
X(GQPNMLKJI) (15)

composing an eight dimensional matrix array in each case.

9-16




[

[

g
5
a2
H
El
o

As previously noted data processing has been limited to simuitaneous treatment of four
of the eight variables because of matrix complexity. Calculations for the covariance
analysis follow the standard format of algebraic solutions to obtain variance ratios,
except that each master variable is an array of individual voriables. Data pooling is
performed on the arrays in selected combinations to operate on only those variables of
concern in the immediate analysis. An exomple of pooling to treat three variables is
symbolicolly presented in the following expression:

Q
SQ(PNM) = rl*’""" SQPNM) (16)
where Q = the value of Q for which real values of S(QPNM) exist. Similorly,

max . . .
the secondpand third level reductions are accomplished by using the following ex-
pressions:

Q P
maoax max
SQP(NM) = © T (QPNM) (17)
i 1
Q P N
max max max
SQPN(M) =T Y T (QPNM) (18)
) ] |

The complementary arrays in X are treated in the same manner, The calculations of
variance ratios are performed by the expressions:

. 2.2 58
Sums of squares in primcry arrays " s° =5" - (—N— ) (9
. L 2.2 2 -
Sums of squares in complementary arrays ¥ x” =¥ X" - (¥ X"} (20)
N
VS X
Sums of artay products ¥ sx T Y SX - —= (21)
N
Resultant sums of squares 12 =¥ x2 -2b Y osx + b2 ¥ 52 (22)
where: T osx (23)
b 3%
- 2
s

which is the regression coefficient,
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Residuals ore determined from total sums-of —squares minus the contributions to sums—of -
squares from each varioble and combination of variables. Variances are calculated by
dividing the resultant sums-of~squares by their associoted deqgrees o’ freedom and the
variunce ratios are determined by dividing these by the residual variance. Comparisons

of the variance ratios to "F" ratios, which represent variability attributed to chance,
yield tests for significance.

Comprehensive Analysis

The comprehensive analysis of data acquired in this effort is a computerized performance
evaluation shown schematically in Figure 9-12. A dato management system for filing
and retrieving information is employed with processing subroutines for curve plots,
histograms and tests for significance. Arnalyses are aimed at examining the most appaient
relationships which consist of the following:

I. Graphic Plots - Flaw iength versus probability of detection

-1 By ND! Method and Structure Type, All Technicians
I-1.1  Upper 50%, 25%, 10% and 5% performers
1-1.2 By technical job experience (5 categories)
I-1.3 By field and depot categories
I-1.4 By eoch day of the week
I1-1.5 By technician skill fevel
I-1.6 By technicion education level
1-1.7 By technician age
1-1.8 By technician NDI years of experience
I1-1.9 By techaicion NDI training hours
1-1.10 By weatner conditions

I-1.11 By base

1-1.17 By commands
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PERFORMANCE EVALUATION

DATA MANAGEMUNT SCHEME J]

SELECTED
PARAMETER

COMBINATIONS

/

PROBABILITY
OF DETFCTION
CURVES

N

TESTS
FCR
SIGNIFICANCE

Figure 9-12. Comprehensive Data Analysis Scheme
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I, Tests for Significance - Base composite performance
I1=1. By NDI Method, all structure types
1-1.1 By NDI method, by structure type

1-1,2 By NDIi method, by structure type, by equipment performance

et e

11-2, By shop type

e

11-3. By work area conditions
11-4, By light level i
I1-5. By noise level
li-6, By standard jobs
I1-7. By weather conditions
11-8. By equipment parameters ;
I, Probabiliry of Derection versus: :

H1-1.1 Flaw identification number (ranking)

H1-1.1 Flaw identification number by NDI method

IH-1.2 Flaw identification number by flaw area

111-1.2.1  Flow identification number, by flaw
area, by NDi method and sample type

111+1.3 Flaw icentification number by flaw aspect ratio
11-1.3.1  Flaw identification numix: by flaw
aspect ratio, by ND! method and

sample type

f1-1.4 Flow identification number by flaw surface posi-
tion

[1-1.4.1  Flow identification number by flaw
surface position, by NDI method and

sample type




BECLS 2 SUCIERIN.

I11-1.5 Flcw identification number by flaw plane angle
to surface

M-1.5.1 Flaw identification number by flew
plane angle te surfoce, by NDI
method and sample type

1V . Individual Performance Distributions

IV-1. By NDi method, by structure type, by flaw length

Combinations within parareter Group | provide on examination of effects due to
technician background und base location influences. The comparisons within
parameters Group |l relate performance to environment and equipment, those in
parameter Group Il examine peculiarities of the flaws themselves, and those in
parameter Group IV reveal the impact of human factors. Detailed analyses and
graphic presentations of results are provided in Sections X and X| .




- SECTION X. OVERALL NDI RELIABILITY FINDINGS

This section presents overall flaw detection capabilities observed in this program. The
data are inclusive for oll participants and it is cautioned that generalizations not be
made from these overall Air Force results, Translation to specific sets of conditions will
require judgment based on extensive NDI experiznce. Detailed analyses with regard to

selected variables, in addition to NDI method and structure sample type, are provided

in Section XI.

Probatkilities of fatigue crack detection relative to flaw length in the structure samples
examined by NDI in this program are graphically plotted in Figures 10-1 through 10-13.
These plots display aggregate detection probabilities established by a large number of
independent attempts to find the flaws. Each attempt was conducted by an individual
who was selected by Air Force management to participate in this effort. A total spectrum
of proficiencies among participants was requested at the outset of the data acquisition
and the results bear this out. The plots represent measurement unde: documented sets of
conditions by given NDI| methods on specific structural configurations.

The curves are regression fit to the point estimates, as described in Section IX. Each
curve is accompanied by the regression coefficients (a, b) and ccefficient of determination
(r), which indicates the "goodness" of fit (1.0 maximum). Lower 95% confidence bounds
are provided to depict the combined effect of data scatter and sample size on the uncer-~
tainty in the measurements.

Characteristics of Results

The curves which estimate detection probability relative to flaw length are distingiished
by their slopes and maxima within the depicted flaw length ranges. The ideal curve snape,
in a limiting case, would be a step function which trunsitions from 0 to 1.0 detection
probability over an infinitely small flaw length range. S:ch a transition would mean that
no "gray area" exists; ail flaws above a threshold length are detected. On the other hand,
a gradual transition from low-to-high detection probabilities over a wide flaw length ronge
would be far from ideal because judgment must be exercised concerning the large "gray
area". This effort has produced data which exhibit curve shapes which range. broadly
within the spectrum from step function to gradual transition characteristics.

Eddy Current Surface Scans, Sample A, Figure 10-1

This curve depicts flaw detection characteristics for eddy current surface scans around
countersunk fastener heads in the cover (skin) of an intact wing box section. The NDI task
is performed with access 1o the inspection area approached from the upper surface. The
mean results show a reasonably steep slope in.the 0.10" to 0.30" radial length range and a

‘continuing rise in the trend ot the maximum,

Ultrasonic Shear Wave Scans, Sample A, Figure 10-2

This sample is similar to the above eddy current scans except that the operation involves
vltrasenic shear wave transducer scans instead of eddy current surface scans. The trend of
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the mean has a more gradual rise compared with eddy current scon results. A continued
rise is exhibited at the maximum,

Semiautomatic Ultrasonic Shear Wave Scans, Somple A, Figure 10-3

The semiautomatic shear wave inspection was performed with a transducer positioning
device. The results show a marked improvement over hand-held transducer scans. Except
for itie existence of four outlier points, the trend of the mean closely approximates a step
function to 1.0 probability in the radial flaw length range from 0.10" to 0.30".

Eddy Current Surface Scans, Somple B, Figure 10-4

P

Performance of this task was identical to the eddy current scans on Sample A except it
was a bench-top activity. The trend of the mean for this sample rises more dramatically
from higher probability values in the smaller flaw length region, as contrasted to eddy
current results on Somple A. The curve alsc exhibits an asymptotic character as it reaches
the upper end of the flaw length range. This is a feature of the regression fit which is
common to all the curves but is not as pronounced where initial slopes are low.

Overhead Eddy Current Surface Scans, Sample B, Figure 10-5

The trends for this case are not decidediy different from those depicted in Figure 10-4.
Since there was no apparent influence due to overhead scans contrasted to bench-type
eddy current NDI, this task was discontinued after the sixth base visit,

Radiographic NDI, Sample B, Figure 10-6

This plot shows a great amount of scatter because the radiographic method is more rensi-
tive to crack opening than to crack length. The task involved precise aiming of x-rays
to obtain good quolity of exposures, using the equipment trailer as a simulated fuselage
structure. The results show a gradual rise in mean detection probabilities with increasing
crack length similar to that shown in Figure 10~2. The 95% lower confidence bound,
however, is somewhat less because ot the scatter.

Penetrant NDi, Sample C, Figure 10-7

The task of penetrant NDI on this somple required participants to view indications both
overhead and below, within the interior of Structure Sample A. The results are similar
in curve shape to those depicted in Figure 10-4.

Ultrasonic Shear Wave Scans, Sample C, Figure 10-8

Ultrasonic scans in this task were performed both overhead and below, within Somple A,
The plot exhibits little trend information, and wide scatter. The detection probabilities
are comparatively high for small cracks but there is no real improvement with increasing
flaw lengths.
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Eddy Current Bolt~Hole Scans, Sample E, Figure 10-9

This task was performed by increménting an eddy current probe through bolt holes. The
resuits show a curve shaped like the one in Figure 10-4. The flaw length in this case is
axial; not radial as presented in the previous examples. The mean probability point

estimates are generally low and observed flaw lengths are confined to range below 0.25" .

The remaindar of the curves are extrapolations.

Autometic Eddy Current Bolt-Hole Scans, Sample E, Figure 10-10

This inspection used automatic equipment with strip chart recordings, as compared with
the above manual scans. Trend information is practically nonexistent with only a 0.5
probability increment, for example, over the measured crack length range of 0.05" to
0.25". The capability is, however, markedly improved over that shown in Figure 10-9.

Eddy Current Bolt-Hole Scans, Somple F, Figure 10-11

The performance of manual bolt-hole scans in this task involved probing multilayer con-
figurations. This added element of complexity influenced flaw detection in the 0.15" to
0.25" axial crack length range if comparisons are made with Figure 10-9.,

Automatic Eddy Current Bolt-Hule Scans, Sample F, Figure 10-12

This task was performed as the one described for Figure 10-10. The automatic equipment
with the recording capability provided the instrument readouts. As in the case with
Sample E, o« marked improvement over manual operation can be observed.

Ultrasonic Shear Wave Scans, Sample F, Figure 10-13

Ultrusonic NDI on this sample was performed from both outside and inside the structure.
The results are plotted with reference to radial crack lengths; in contrast to the above
eddy current bolt-hole examples. The low probability values across the entire flaw length
range precluded the determination of the lower 95% confidence bound. The curve lacks
any pronounced slope change compared with the previous tesk results on this sample.

Outstanding Depot, Eddy Current Bolt-Hole Scans, Sample E, Figure 10-14

The superior performance with eddy current bolt~hole NDI at the secend depot installa-
tion is presented for the forged wing fittings. There are seven flaws in this sample but
only five point estimates show becouse there are identical probability values of 1.0 for
three 0.20" flaws. The 95% confidence bound was not computed because there was not
a sufficient number of participating technicians to provide a valid confidence.

Outstanding Depot, Eddy Current Bolt=Hole Scans, Sample F, Figure 10-15

This plot, which also presents a superior eddy current bolt=hcld NDI pe-farmince, shows
a trend in mean values which is similar to Figure 10=14, This effort, as above, also had
a low level of participation, precluding a 95% confidence bound computation.
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Figure 10-1. Probability of Detection Versus Fatigue Crack Radial Length, Eddy "
% Current Surface Scans Around Countersunk Fasteners, Skin and P
i Stringer Wing Assembly, Sample A. 3
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Figure 10-2. Probability of Detection Versus Fatigue Crack Radial Length, Ultrasonic

Sheur Wave Scans Around Countersunk Fastenars, Skin and Stringer Wing
Assembly, Sompie A.

10-5




INSPECTIONS PER DATA POINT: 4

REGRESSION COEFFIC IENTS: o = ,00157, b = 2.62
COEFFICIENT OF DETERMINATION: 2 = 0,14
1.0 L s o o . SR —— S S
/L,_—-—-— MEANT >
90 //i
.80 /
I £XY [ . .
.70 —
a /
> .60
£
=)
=
2 .50 T .
z
o
[yony
=
W 40
s
Q
.30
[ ] U_J —————
— CONFIDENCE
.20 et
/
.10 /
0 et - 80
0 .1C 20 .30 .40 .50 .60 70 '

FLAW RADIAL LENGTH a, (IN.)

Figure 10-3. Probability of Detection Versus Fatigue Crack Radial Length, Semi-
Automatic Ultrasoni~ Sheor Wave Scans Around Countersunk Fasteners,
Skin and Stringer Wing Assembly, Sampie A,
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